An evaluation of the school based action research project : 'making science more challenging for gifted primary children' by Coates, David
An Evaluation of the School Based Action Research Project: 'Making science more 
challenging for gifted primary children' 
David Coates 
The degree is to be awarded by Oxford Brookes University 
The thesis is submitted in partial fulfilment of the requirements of the award of Doctor of 
Education 
Submitted February 2007 
Acknowledgements 
I would like to thank the following people without whom this thesis may not have come 
into fruition. 
The teachers at ARP School for their time and patience. 
David Palacio and John Geake who have given me so much advice, help and support. 




List of Figures and Tables 5 
Glossary 6 
Chapter 1: Introduction 11 
Chapter 2: Literature Review 20 
Chapter 3: Research Design 51 
Chapter 4: The effect of the action research project 65 
Chapter 5: An evaluation of the process of action research 89 
Chapter 6: Conclusion 118 
References 134 
Appendix 1: Time Line for the School Action Research Project 149 
September 2001 - July 2002 
Appendix 2: Time tables for my interviews 150 
Appendix 3: Teacher researchers lesson observation schedule (the 152 
right hand column was bigger to allow comments to be 
written in during the observation.) 
Appendix 4: Tape transcription of Interview 3 with TR2 with initial 153 
coding of themes 
Appendix 5: Planning sheet developed by the teacher researchers 160 
(boxes were bigger on the original sheet) 
3 
Abstract 
This thesis is a two part evaluation of an Action Research Project carried out in a primary 
school in southern England. The first part of the thesis investigates whether or not the action 
research project was successful and the second part looks at teachers' perceptions of action 
research as a method of professional development for teachers. The aim of the Action 
Research Project was to make science teaching more challenging for gifted children in all 
classes. Four teachers acted as teacher researchers who engaged in all aspects of the 
action research. Their colleagues, though not acting as researchers, supported the teacher 
researchers by being open to new ideas, trialling interventions designed to make their science 
teaching more challenging, and providing data to the teacher researchers so that they could 
assess the impact of the action research project. At the end of the Action Research Project 
science teaching had become more challenging across the school, but there had been a 
greater impact in the teacher researchers' classrooms. Data gathered from the teacher 
researchers indicated that they were very positive in their assessment of action research as a 
means of professional development as it integrated teaching with curriculum development, 
research and reflective practice. 
The thesis develops a model of professional development which has three inter linking and 
necessary components; external knowledge, creating knowledge and knowing-in-action. The 
model was formulated from experience gained when acting as a critical friend to the teacher 
researchers. Essentially, professional development aims at changing teachers' knowing-in-
action. For professional development to be really effective and embedded in classroom 
practice, it needs to involve teachers in double-loop learning (in which teachers can utilise 
external knowledge to create their own knowledge). In this way both theory-in-use and 
espoused theory can be changed which in turn could have a long term impact on teachers' 
knowing-in-action. 
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The school where the action research was undertaken. 
Department for Education and Employment (DfEE) Department for Education and 
Skills (DfES) 
This is a government department which deals with education issues in England. The 
name has changed slightly over the years when education has been linked to other 
aspects of government. The Department for Education and Skills was established with 
the purpose of creating opportunity, releasing potential and achieving excellence for all 
(http://www.dfes.gov.uk/aboutus/strategy). 
Differentiation by outcome 
Differentiation is the adjustment of the teaching process according to the learning 
needs of the pupils. The categories of differentiation usually mentioned in DfES 
publications are differentiation: 
• by task: setting different tasks for pupils of different ability; 
• by outcome: setting open-ended tasks, allowing pupil response at different levels, 
• by support: giving more help (perhaps via an learning support assistant) to certain 
pupils within the group. 
Excellence in Cities 
Excellence in Cities (EiC) is a national programme to improve the education of inner city 
children. It aims to drive up standards in schools, higher and further, to match the 
standards of excellence found in the best schools. It is based on four core principles: 
1. High expectations of every individual student 
2. Diversity of provision 
3. Networks of schools working collaboratively 
4. Extending opportunity to students 
One of the key strands of the EiC Programme involved the development of teaching and 
learning programmes and increased proviSion for gifted and talented students (DfEE, 
1999c). 
Key Stage. 
In England, it is statutory that children should attend school from 5 - 16 years. These 
years of schooling are divided into four Key Stages: 
• Key Stage 1 children aged 5 -7 years 
• Key Stage 2 children aged 7 - 11 years 
• Key Stage 3 children aged 11 - 14 years 
• Key Stage 4 children aged 14 - 16 years. 
There is a National Curriculum document which sets out the content which must be 
taught during each Key Stage. 
Level Descriptions and Attainment Targets 
'An attainment target sets out the 'knowledge, skills and understanding that pupils of 
different abilities and maturities are expected to have by the end of each Key Stage (as 
defined by the Education Act 1996, section 353a). Attainment targets consist of eight 
level descriptions of increasing difficulty, plus a description for exceptional performance 
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above level eight. Each level description describes the type and range of performance 
that pupils working at that level should characteristically demonstrate. The level 
descriptions provide a basis for making judgments about pupils' performance at the end 
of Key Stage 1, 2 and 3.' 
[Department for Education and Employment! Qualifications and Curriculum Authority 
(DfEE/QCA) (1999) The National Curriculum. Handbook for primary teachers in England. 
London: DfEE/QCA] 
Literacy 
Literacy refers to the teaching of reading and writing. In England a Literacy Strategy 
(DfEE, 1998) was introduced to support primary teachers in their teaching of reading and 
writing. There was a perception that reading and writing were not being taught in an 
effective manner. 
Learning Support Assistant (LSA) 
An LSA is a paid helper in the classroom. S/he may have specific children with learning 
difficulties to support. S/he may have child care or education qualifications. 
Masterclasses 
Gifted children are taken away from their normal classrooms to work to work together in a 
different setting. This may be in a university, as in our work. The children would be 
given enrichment and extension tasks which they are unlikely to meet in their school 
classroom setting. 
National Curriculum 
The National Curriculum sets out the legal requirements of the curriculum for pupils in 
England aged 5 to 16. It sets out the entitlement to learning for all pupils and the content 
to be taught. (DfEE/QCA, 1999: 3) 
New Star Science 
New Star Science (Feasey et ai, 2001) is structured scheme of work for science based 
on the QCA units. It provides all the resources in unit packs from Foundation through to 
Year 6. 
Numeracy 
Numeracy refers to the teaching of number and measures. In England a Numeracy 
Strategy (DfEE, 1999b) was introduced to support primary teachers in their teaching of 
number and measures. There was a perception that number and measures were not 
being taught in an effective manner. 
Office for Standards in Education (OFSTED) 
OFSTED is the inspectorate for children and learners in England. It was set up to 
contribute to the provision of better education and care through effective inspection and 
regulation. This is achieved through a comprehensive system of inspection and 
regulation covering childcare, schools, colleges, children's services, teacher training and 
youth work. OFSTED is a non-ministerial governmental department accountable to 
parliament and is therefore independent from the DfES. 
http://www.ofsted.gov.uk/ 
Performance and Assessment Report (PANDA) 
A document sent out by the Department for education and employment (DfEE) as The 
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autumn package of pupil performance information (DfES, 2001 a). It gives comparative 
information to schools about their pupils assessments in SATs tests. The school is 
compared with other schools geographically, schools with similar levels of deprivation 
(measured by the number of free school meals taken) and year on year comparisons in 
data from the school. 
Programmes of Study 
The Education Act 1996, section 353b, defines a programme of study as 'the matters, 
skills and processes' that should be taught to pupils of different abilities and maturities 
during the key stage. 
Partnership School 
Schools that work closely with initial teacher training establishments to help in the training 
of teachers. This is mainly through the provision of classroom placements where 
students can engage in all aspects of teaching whilst being mentored, supported and in 
many cases assessed by staff within the school. 
Qualifications and Curriculum Authority (QCA) 
QCA is a non-departmental public body, sponsored by the Department for Education and 
Skills (DfES). It is governed by a board, whose members are appointed by the Secretary 
of State for Education and Skills, and managed on a day-to-day basis by an executive 
team. 
QCA maintains and develops the National Curriculum and associated assessments, tests 
and examinations; and accredits and monitors qualifications in colleges and some 
qualifications gained at work. 
http://www.gca.org. uk/ 
Schemes of Work 
The schemes of work (QCAlDfES, 2000) are guidelines to support medium- and long-
term planning and were produced by the QCA. They help schools implement the 
National Curriculum programmes of study. The schemes of work are made up of units 
that together cover the programmes of study and non-statutory guidelines for key stages 
1,2 and 3 in all subjects except English and mathematics. Each unit sets out learning 
objectives (which are based on the programme of study), suggests teaching activities to 
meet these objectives, and defines outcomes of pupils' learning. 
http://www.gca.org.uk/8992.html 
School Development Plan 
A School Development Plan is a document that identifies appropriate improvement 
strategies, methods for implementation, and regular evaluation procedures to continually 
monitor and improve pupils' performance, and the teaching strategies and initiatives 
which could facilitate improvements in children's performance. These documents are 
updated or revised on a regular basis. School Development Plans are often linked to 
OFSTED inspection reports and PANDA data. 
School Experience 
The time when student teachers are working in schools. They will be engaged in all 
aspects of teaching, planning, teaching and assessment. Students generally spend 
blocks of time in different schools during their Initial Teacher Training course. As they 
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become more experienced they are required to take more responsibility for the class. 
Science Big Books 
These are literally large books that can be read with a whole class or group. The print 
and pictures are large enough for everyone to see. These can be either story or factual 
books. They can be used in various ways, for example: 
• to act as a stimulus at the start of a topic; 
• as a stimulus for science investigations; 
• to reinforce scientific concepts. 
Scientific enquiry 
In the Science National Curriculum (DfEE/QCA, 1999a) scientific enquiry has a central 
place in science because it helps pupils to understand how scientific ideas are developed 
and because the skills and processes of scientific enquiry are useful in many everyday 
applications. Scientific enquiry provides opportunities for pupils to consider the benefits 
and drawbacks of applications of science in technological developments, and in the 
environment, health care and quality of life. 
Good teaching ensures that scientific enquiry is taught through contexts taken from the 
whole programme of study and includes a range of domestic, industrial and 
environmental contexts. Pupils can: 
• test out ideas experimentally; 
• develop practical skills; 
• carry out investigative fieldwork; 
• use collaborative approaches to solving problems; 
• appreciate the importance of experimental evidence. 
Standard Assessment Tasks/Tests (SATs) 
A child must take national tests (often known as SATs) at the end of each key stage. 
These tests aim to assess children's performance in selected parts of a subject on a 
particular day. At the end of Key Stage 1 children are tested in English and mathematics. 
At the end of Key Stage 2 children are tested in English, mathematics and science. 
These tests give an independent measure of how children and schools are dOing 
compared with national standards in these subjects. The tests are supported by Teacher 
Assessment. 
Teachers 
The teachers at ARP Primary school not engaged in the Action Research Project who 
nevertheless wanted their science teaching to become more challenging for gifted pupils. 
Teacher Assessment 
Teachers are engaged in assessing children's performance against the Level 
Descriptions. This assessment is part of the normal classroom practice and could 
involve written work, children's oral contributions, practical activities and tests. 
Teacher Researchers 
The group of four teachers from ARP primary school who were engaged in the Action 
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Research Project which forms the basis of this thesis. 
Teacher Training Agency (TTA) I Teacher Development Agency (TDA) 
The n A became the TDA in September 2005. The TDA is an executive non-
departmental public body of the Department for Education and Skills. 
The purpose of the TDA is to raise children's standards of achievement and promote 
their well-being by improving the training and development of the whole school 
workforce. 
The strategic aims of the TDA are to: 
• ensure schools have an adequate supply of good-quality newly qualified 
teachers; 
• enable schools to develop the effectiveness of their support staff; 
• enable schools to develop the effectiveness of their teachers and keep their 
knowledge and skills up to date; 
• support schools to be effective in the management of training, development and 
remodelling of their workforce. (TDA, 2006) 
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Chapter 1 
I ntrod uction 
1.1 My interest and involvement in developing science teaching that is challenging for 
gifted children 
As a primary teacher and science coordinator, I was always interested in developing science 
teaching that would stretch and challenge all of the children in my class. I saw that part of my 
role as science coordinator was to try to influence other colleagues to take on this vision. 
When I moved into higher education as a lecturer in primary science education, I was keen to 
develop this idea with both initial teacher education students, and with teachers who were 
attending in-service courses. Unfortunately, much of the science teaching that I observed 
seemed to involve whole class teaching with activities differentiated by outcome. There 
seemed to be much scepticism amongst Key Stages 2 and 3 teachers about children being 
able to achieve highly in science at the end of the previous Key Stage. The expected Levels 
for the end of Key Stage 1 and 2 are two and four respectively. Could gifted children at the 
end of Key Stage 1 really achieve Level four? Was Level six in science really achievable at 
the end of Key Stage 2? If these levels were in fact achievable, how could science teaching 
be adapted to cater for the needs of this group of scientifically gifted children? The literature 
uses terms such as gifted, able, and more able to describe these children. For ease of 
discussion, I will be using the term gifted. A discussion of this issue can be found in Chapter 
2. To try to answer the first question I worked in collaboration with Deborah Eyre on a 
research project (Coates and Eyre, 1999) to examine whether or not the Key Stage 1 children 
who were scientifically gifted could achieve the expected Level for children aged eleven 
(Level 4). We asked the teachers from three different schools to identify three Year 2 children 
(aged 6) who they thought were gifted scientists. We chose to research children's 
performance in scientific enquiry as this was context free and involved the children in the use 
of higher order thinking (Bloom, 1956). All of the children were found to be working at or near 
the level expected of eleven year old children. Although the sample was small, the research 
seemed to indicate that there are scientifically gifted children in primary schools. This led on 
to trying to answer my third question by developing activities that could challenge gifted 
children of primary school age in science lessons. Initially activities were tria lied in 
masterclasses for Years 2, 5 and 6 children to examine what children were capable of at the 
end of each Key Stage. These were organised by Helen Wilson and me and, subsequently, 
this led to a number of publications: 
• an article about the Year 2 masterclasses (Coates and Wilson 2003a); 
• a chapter in a book to support teachers to develop challenging science to meet the 
needs of gifted primary aged children (Coates and Wilson, 2001); 
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• a book aimed at supporting Key Stage 2 teachers to develop more challenging 
science activities (Coates and Wilson 2003b). 
The next stage would be to try out the ideas developed in our masterclasses in a school 
setting. Part of my role as a science education lecturer involved me in visiting student 
teachers during their school experience. One student was teaching in the science 
coordinator's class in the school where this study eventually took place. The school will be 
called ARP School in this thesis. The teacher had just taken on the role of science 
coordinator and was keen to develop the science teaching in ARP School. Science had a low 
profile in ARP School at the time as literacy and numeracy had been at the forefront of 
curriculum development because of government initiatives (DfEE, 1998; DfEE, 1999b). After 
this first discussion it was decided that the best way forward was to investigate how to 
develop science teaching in a more systematic way through action research. The Deputy 
Headteacher supported this idea as she had already been involved in a research project 
(Eyre et ai, 2002) and was keen to be involved in any further research. From this initial 
meeting all staff were invited to express their interest in becoming involved in the action 
research project. Consequently, three other teachers expressed an interest and of these, two 
finally committed themselves to the full research project, giving a research team of four 
teachers. In this thesis these teachers will be described as 'teacher researchers'. These 
colleagues saw the project as beneficial as it was an avenue to develop their own science 
teaching, to be proactive in influencing science teaching across the whole school and to 
undertake an action research project for their own professional development. Other staff in 
ARP School recognised the need within the school to develop science teaching but felt 
unable at that time to pledge themselves to a research project with a large time commitment. 
They were positive in their support of the project realising they would be indirectly involved in 
implementing the necessary interventions designed to make science more challenging. It 
was therefore felt that this would be a whole school project with the four teacher researchers 
acting as researchers gathering and analysing data and feeding back information to the rest 
of the staff. Financial support to give the teachers time to conduct the research was seen to 
be essential. Initially funding was sought from the National Primary Trust and they were able 
to give a small grant to purchase resources. The Department for Education and Skills (DfES) 
operated the Best Practice Research Scholarship (BPRS) scheme, which provided grants to 
teachers to carry out school based research. Each of the four teacher researchers 
successfully applied for a Best Practice Research Scholarship grants and received £2500. 
The money from the BPRS was mainly used to provide supply cover, which allowed the 
research team to gather, analyse and discuss data, plan interventions and write their final 
report. This 'research time' was a key issue for the teacher researchers as it gave them time 
to reflect and consider ideas away from their daily teaching commitment. 
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1.2 Background information on ARP School and the teachers 
The School is situated on the north side of a market town in southern England. It is an above 
average size primary school for the region with 323 pupils aged between five and 11 years. 
The school also has a nursery class catering for a total of 52 children aged between three and 
five years who attend either a morning or afternoon session. The school also has an attached 
unit for children with special educational needs. The school is organised into 12 classes with 
an average size of 32. There are 13.7 full-time teachers and the pupil/teacher ratio is 24: 1. 
The majority of pupils live locally, although the children in the SpeCial Educational Needs Unit 
come from a much wider area. The school serves a mixed catchment area made up of 
private and local authority housing. When children enter the school they are attaining broadly 
average standards in literacy and numeracy. 
The teacher researchers were: 
• the science coordinator, Year 3-4 Teacher (identified in this thesis as Teacher 
Researcher 1); 
• the Deputy Headteacher, Year 6 Teacher (identified in this thesis as Teacher 
Researcher 2); 
• a Year 5/6 Teacher (identified in this thesis as Teacher Researcher 3); 
• a Year 4/5 Teacher (identified in this thesis as Teacher Researcher 4). 
For the purposes of this research, all of the other teachers were randomly ascribed a number 
from 1 to 13. The teacher researchers will be referred to as TR 1 to TR4 and the teachers T1 
to T13. 
1.3 Links between my research and the action research project in ARP School 
The teacher researchers at ARP School were keen to enlist my support for their Action 
Research Project as I had both the expertise in developing challenging science ideas for 
gifted children, and supporting teachers who were carrying out action research projects. This 
close working relationship meant that I could access the teacher researchers' data concerning 
their Action Research Project and evaluate their findings to see if science teaching really had 
become more challenging for gifted children. This unique position also gave me access to the 
teacher researchers to carry out my own research into the effectiveness of action research as 
a means of professional development for teachers. 
There was a belief amongst all of the teachers at ARP School that their own science teaching 
could become more challenging for the gifted children in their classes. All of the teachers 
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thought that challenge could be built into normal classroom practice if they were given support 
and guidance in the development of their expertise. This largely inclusive model of teaching 
scientifically gifted pupils agreed with my ideas that gifted children could be found in most 
primary classrooms and teachers could differentiate their teaching to meet the needs of this 
group of pupils. 
1.4 Why the action research project was started 
All of the teacher researchers wished to become more effective in challenging children in 
science lessons. They decided to focus the action research on the development of strategies, 
which would enhance the teaching for the gifted children as it was felt that this group was at 
most risk of not being challenged in science lessons. Once the needs of the teachers had 
been identified, appropriate interventions and strategies were introduced by the teacher 
researchers and myself. These were tria lied by all staff and their impact evaluated. The aim 
of the project was to try to draw out lessons for other teachers and schools to decide how to 
engage in the complex process of changing school culture in relation to one curricular area. 
One of the longer term hopes was that the lessons learnt might be applied to other subjects 
and school contexts. 
The teacher researchers in ARP School identified the following ideas, which would guide the 
research process: 
1. The results of a co-operative project across five schools in Oxfordshire during the 
1999-2000 year (Eyre et ai, 2002) in which one of the teacher researchers and myself 
were involved. This co-operative project looked at the skills and attributes of teachers 
identified as expert teachers of gifted pupils across the whole curriculum and aimed 
to extend this initial work to focus on the more specific area of science teaching. 
2. ARP School's acknowledged focus in the School Development Plan was to raise the 
level of achievement in science across the whole school. The then most recent 
OFSTED (Office for Standards in Education) Inspection Report in 1998 stated that 
there was a slow pace to some science teaching with teachers underestimating what 
children could do. 
3. This suggested that there was a need for a more challenging curriculum in all 
subjects, science included. Each year, in the autumn, schools are sent information 
that compares their Standard Assessment Test (SAT) data with schools in the locality 
and schools nationally with a similar intake profile. Analysis of this Autumn Package 





in Key Stage 1, teacher assessments of pupils' science attainment were 
below the national averages; 
in Key Stage 1, no children achieved Level 3' , 
in Key Stage 2, the number of children achieving Level 4 or Level 5 was 
below comparative schools nationally, countywide and those in the same 
locality; 
• in Key Stage 1, girls achieved higher results than boys; but, by the end of Key 
Stage 2 there was little obvious difference; 
• in Key Stage 2, results were not rising at a similar rate to schools which 
otherwise were comparable. 
There are at least two possible sets of conclusions that can be drawn from this information; 
one concerns the children and the other the teachers. 
1 The children: 
• The scientific ability of the children attending ARP School is below that of 
children in comparable establishments. 
• Science is not an interesting subject. 
• Science at Key Stage 2 is more interesting and challenging for boys. 
2 The teachers: 
• As all assessment at Key Stage 1 is carried out by the teachers, they are 
not effective at carrying out assessment of children's attainment in 
science. 
• Key Stage 1 teachers are reluctant to identify, or are not capable of 
identifying, children who are scientifically gifted. 
• Teaching at Key Stage 2 does not give children the experiences they 
need to achieve their potential as measured by the standard assessment 
tasks/tests (SATs). 
• Teaching at Key Stage 2 is particularly ineffective for girls and/or effective 
for boys. 
It was clear that interpreting the PANDA data in such a way was simplistic but the teacher 
researchers thought there were threads of truth in each explanation. What this analysis did 
was give a number of indicators, which could form the basis of the Action Research Project. 
It also raised the issue of challenging children in science lessons and highlighted it as a 
priority in ARP School. The teacher researchers particularly believed that there was a need 
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to improve teachers' own subject knowledge and pedagogical skills to ensure that the 
appropriate level of challenge was offered to children of all abilities, not just the gifted, and 
through this to improve children's attitude to science. 
1.5 The school action research project 
One of the key features of the Action Research Project for the four teacher researchers was 
that this should be a co-operative project and that its outcomes should also impact on the rest 
of the staff and their science teaching. Although the project considered how to improve 
teaching in science, with a focus on how to provide greater challenge for all pupils, the 
guiding principle behind this was that if teachers challenge gifted children in their teaching 
there will be a benefit to all children in the class. 
As the teachers adopted an action research methodology: 
• evidence was collected in an initial audit to determine how children were being 
challenged in science; 
• as a result of this initial audit, a number of interventions were introduced by the 
teacher researchers with the aim of supporting teachers in making science teaching 
more challenging; 
• the final stage of the research evaluated the effects of these interventions. 
As part of the Best Practice Research Scholarship process, the whole project team of four 
teacher researchers developed the success criteria and expected outcomes for the Action 
Research Project. The success criteria for the project at the start of the year were that: 
• teachers would be more confident in their ability to challenge children in science 
activities; 
• teachers' planning and teaching would include ideas for providing additional 
challenge particularly for scientifically gifted children; 
• pupils would have a more positive attitude towards science and feel more challenged; 
• pupils' science achievements would have improved beyond that which might have 
been expected, both as indicated by teacher assessments and as measured by test 
results (recognising that the short-term nature of this project might make such 
evidence only tentative). 
The expected outcomes of the Action Research Project involved three areas: 
• exploring which aspects of the teaching of science can be improved, and the most 




examining the impact of this development work on children's learning, and on the 
resultant attitudes and achievements in science' and , 
articulating for a wider audience the key aspects of this development, both for 
teachers and pupils. 
The final £400 of the BPRS grant, per teacher, was kept back until the teachers had written a 
report for the BPRS website. This report only needed to be short with little detail. The 
teachers decided that a better vehicle for disseminating their findings would be the National 
Primary Centre (Midland Region) as this Centre publishes accounts of school based research 
projects in a user-friendly format. I believe that the process of articulating teaching strategies 
and how these have been improved has the capacity to help both the teachers at ARP School 
and teachers in other schools. The strength of action research involving a number of 
teachers is that these teachers will be able to communicate common themes applicable 
throughout the whole primary age-range. 
1.6 Data collection and timetable for the school action research project 
The emphasis was on qualitative research methods. The teacher researchers intended to 
use a mixture of questionnaires, semi-structured interviews and classroom observations to 
analyse the success of the development work undertaken and the impact on the children's 
learning and attitudes to science. Time was built into the proposed programme to analyse the 
data and to come to conclusions which could be applied more generally beyond the context of 
one school. The process of articulation and triangulation of findings with each other, and with 
me acting as a mentor, helped the teachers to check the analysis for validity. 
Built into the timetable were regular opportunities for collective discussion of the lessons 
learnt, which were supplemented by the more informal discussions in the staff room and 
around the school. It was intended that teacher researchers would use both notes from staff 
development sessions, their own teaching plans and journals/diaries as data for the project 
itself and as a way of monitoring their own learning. Self-monitoring of the teacher 
researchers' own learning was an integral part of the School Action Research Project. The 
lessons learnt through these reflections could develop their own practice and be articulated to 
the wider team of colleagues in the school to support their professional development. The 
data collection methods and time line for the School Action Research Project can be found in 
Appendix 1. I examined these data for my own research to determine if the teacher 
researchers' success criteria had been met. After discussion, the teacher researchers 
decided that monitoring pf pupils' achievement would not be possible. This left the following 




teachers would perceive themselves to be more confident in their ability to challenge 
children in science activities; 
teachers' planning and teaching would include ideas for providing additional 
challenge, particularly for scientifically gifted children; 
• pupils would have a more positive attitude towards science and feel more challenged. 
1.7 An outline of my research 
In this research, I sought to evaluate and highlight some of the main factors, which helped to 
improve the teaching of science in ARP School, and to see what lessons could be learnt for 
other schools and teachers. I would be examining both the products of the action research 
and the process of action research. The first part of my research could be described as a 
secondary evaluation concentrating on the effect, effectiveness and value of the action 
research project (Evaluation Research Society, 1980 cited in Robson, 1999; Robson, 2000) 
because the focus is on the results and efficacy of the Action Research Project. The second 
section of my research, which is an evaluation of an action research project as a model of 
professional development, takes a more interpretive approach (Greene, 2000) or impact 
evaluation (Evaluation Research Society, 1980: 3-4 cited in Robson, 1999: 177). The aims of 
my research were therefore: 
• to examine the success criteria (see previous section) of the action research project 
and see if they have been met; and, 
• to evaluate the effectiveness of action research as a means of professional 
development and hence school improvement in the context of this project. 
I believe that the process of articulating teaching strategies and how these have been 
improved will help both the teachers at ARP School and teachers in other schools. The 
strength of this approach involving several teachers will be to articulate common themes 
applicable through the whole primary age-range. 
For this thesis I have translated the two research aims into research questions: 
1 to what extent were the expected outcomes and success criteria of the Action 
Research Project achievable within the time scale? 
2 How effective is action research as a means of professional development? 
For further clarity I have sub-divided each of these research questions into sub-questions. 
Question 1 has been sub-divided to reflect the success criteria of the School Based Action 
Research Project: 
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1.1 Did the teachers become more confident in their ability to challenge children in 
their science lessons? 
1.2 Did teachers' planning and teaching include ideas for providing additional 
challenge particularly for scientifically gifted children? 
1.3 Did pupils develop a more positive attitude to science and feel more challenged? 
Question 2 has been divided into the following sub-questions to reflect different aspects of 
action research and the issues associated with teachers carrying out their own action 
research projects: 
2.1 To what extent is action research an effective means of professional 
development? 
2.2 How did the teacher-researchers view the roles of different stakeholders in the 
Action Research Project? 
2.3 Are there tensions, conflicts and ethical issues associated with the Action 
Research Project for the different stakeholders? If there are tensions, how did 
these arise? How might they be resolved? 
1.8 An outline of this thesis 
The thesis has the following chapters: 
• Chapter 2 - a literature review related to both research questions; 
• Chapter 3 - a discussion of my research design and its implementation; 
• Chapter 4 - an analysis and discussion of research question 1; 
• Chapter 5 - an analysis and discussion of research question 2; 




Review of the Literature 
2.1 Introduction 
In my research, I investigated the perceptions of teachers in one school (it will be referred to 
as ARP School) who were undertaking a year long action research project to make science 
more challenging for gifted pupils in their school. The DfES (2005) has suggested that even 
where it is a priority teachers can struggle to tailor teaching and learning to meet the needs of 
gifted pupils (DfES, 2005: para. 4.22). Non-challenging science teaching had been 
recognised as an issue for ARP School and therefore became the focus for the professional 
development of the teachers in the school. Various forms of professional development were 
examined by the staff before deciding on action research. Action research was chosen by the 
teachers as it was thought to be solution oriented and could be specifically designed to 
influence the science teaching in all classes in ARP School. Therefore this literature review 
has nine sections dealing with: 
• the meaning of the terms gifted, talented and able; 
• how we can recognise children who need to be challenged in science; 
• the challenging science curriculum; 
• effective professional development; 
• teachers as researchers; 
• a brief discussion of action research; 
• the nature of action research; 
• models of action research; 
• action research as professional development; and, 
• limitations of action research as professional development. 
2.2 The meaning of the terms gifted, talented and able 
In the literature of different countries, many terms are used to describe children who come 
within the remit of this thesis, for example 'able', 'highly able', 'very able', 'gifted', 'talented' 
and 'highly talented'. In England, there has been a preference to use the terms 'able' or 
'highly able' or 'talented'. As George (1997) stated the number and variety of definitions only 
adds confusion to an extremely complicated matter. In her research, Freeman (1998) found 
there to be around one hundred definitions of 'giftedness'. In 1997, a newly elected 
Government indicated the need for a national strategy to deal with the needs of highly able 
children. This resulted in a review of current practice undertaken by the House of Commons 
Education and Employment Committee (1999). The committee report Highly Able Children 
(Education and Employment Committee, 1999) identified the definition of the target group as 
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being the most complex aspect of their inquiry. When the National Strategy was finally 
introduced, the term 'gifted' was used to allow England to come into line with the United 
States, Australia, Canada and other countries around the world. Many teachers with whom I 
have discussed this term still have concerns about the concept of 'gifted'. It still seems to 
them to have undertones of elitism and links to the idea of 'genius' (Freeman, 1991). Some 
areas of the country, for example Hampshire County Council, use the terms 'able and 
talented'. The term gifted may also be further modified by the addition of adjectives: highly 
gifted, average gifted: 
... suggesting the possibility of precise identification along a single spectrum of ability, 
usually IQ' 
(Freeman, 1998: 1) 
The conceptions of giftedness have broadened over the last hundred years but they share 
two common elements (Australian Government, Department of Education, Science and 
Training, 2001): 
• Gifted pupils have the potential for unusually high performance in at least one area 
(DeHaan and Havighurst, 1957; Marland, 1971; Gardner, 1983; Taylor, 1988; Gagne, 
1991; 1995; DfEE, 1999c); 
• Gifted children are not always successful (Gagne, 1991; 1995; Monks, 1992; 
Renzulli, 1995; Eyre, 1997; 2004; Morelock and Feldman, 1997; Porter, 1999). 
Eyre (2004) has come up with a definition of giftedness, which she describes as the English 
Model. She suggested that giftedness was a term used to describe children who have the 
capacity to achieve high levels of expertise or performance. Implicit in this definition is the 
concept that gifted children do not always succeed. Freeman (1991), in her account of gifted 
children growing up, indicated that support and encouragement were vital to success. This 
has also been highlighted in a recent White Paper (DfES, 2002). In the White Paper it was 
suggested that some teachers were reluctant to recognise gifted children's needs because it 
was thought by a significant number of teachers that gifted children would do well without any 
support. Gagne (1991, 1995) noted that catalysts, such as environmental, intrapersonal and 
motivational, are needed to transform a person's intellectual abilities into academic 
performance. Renzulli (1995) stated that pupils need a combination of innate ability, creativity 
and task commitment before they can truly demonstrate their giftedness. Eyre (1997) has 
summed these ideas up in the model: 
Ability + Opportunity/Support + Motivation = Achievement 
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In England there is now a clear distinction made between the terms gifted and talented. The 
QCA Guidance on Teaching Gifted and Talented Pupils (QCA, 2001a: 1) defined gifted and 
talented as follows: 
• Gifted pupils are those who have abilities in one or more subjects in the statutory 
school curriculum other than art and design, music and PE. 
• Talented pupils as those who have abilities in art and design, music, PE, or in 
sports or performing arts such as dance or drama. 
These definitions came out of the National Strategy in England called Excellence in Cities 
(EiC) (DfEE, 1999c) which began in 1999 as a major initiative involving twenty four Local 
Education Authorities (LEAs) in six major conurbations. EiC has a number of strands one of 
which is 'gifted and talented'. This strand was based on the conviction that high achievement 
is possible for some pupils in all schools. The aim was therefore to support underachieving 
gifted and talented pupils from disadvantaged backgrounds by improving their attainment, 
aspirations, motivation and self-esteem. 
The definitions from the QCA Guidance (QCA, 2001a) are at odds with research and ideas 
from other parts of the World. Winner (1996) makes the evidence based assertion that there 
is no justification for two different labels for gifted and talented pupils as it is not possible to 
make such a distinction. The terms could be used interchangeably (Davis and Rimm, 1998). 
Morelock (1996) however, did make this distinction between the terms 'gifted' and 'talented'. 
He viewed talent as a remarkable ability which however, was inferior to the superlative levels 
associated with giftedness. They were on a continuum with gifted at the upper end (Davis 
and Rimm, 1998). Other writers have stopped using the term gifted and replaced it with 
talented because giftedness was perceived as getting something for nothing and that the 
gifted person did not have to work hard to achieve (Colangelo and Davis, 1997; Feldhusen, 
1996). Gagne (1991, 1995) indicated that there was a difference between the two terms as 
he saw giftedness as innate potential which was genetic and talent as the actualisation of that 
potential. Giftedness was a necessary condition for talent, but not vice versa and 
demonstrable talent is a certain indicator of giftedness. 
I believe that the use of the term 'gifted' in relation to academic subjects (QCA, 2001 a) was 
part of the political agenda in 1998. The Annual Report for 1997/98 (OFSTED, 1999b: no 
page numbers given) identified key issues from their inspection evidence which were seen to 
be in need of addressing in order to maintain the improvement in standards in primary 
schools. Two of these were: 
• the need to improve standards of literacy and numeracy; 
• urgent action in the one in ten schools at Key Stage 1 and one in eight at Key Stage 2 
where there was substantial underachievement. 
In 1998 the Government set national targets for English and mathematics for English primary 
schools, to be achieved by the year 2002 (OFSTED, 1999a). These targets identified the 
proportions of pupils who it was thought should achieve Level 4 at the end of Key Stage 2: 80 
per cent in English, and 75 per cent in mathematics. As the political agenda was concerned 
with improving standards in English and mathematics there was a perceived need to 
distinguish between academic and non-academic ideas concerning giftedness. Giftedness 
could not simply refer to English or mathematics hence the move to include other statutory 
academic subjects. However, only guidance materials concerned with supporting teachers to 
meet the needs of gifted pupils in English and mathematics (QCA, 2001 b) were sent out to 
primary schools. Unsurprisingly, OFSTED (2003) found that primary schools were far less 
adept at identifying talented pupils than they were gifted ones. 
In 2002, the Government set up the National Academy for Gifted and Talented Youth 
(NAGTY) for secondary-level students between the ages of 11 and 19, who were both 
resident and being educated in England, and who could demonstrate that they were working 
in, or had the potential to work in, the top 5% of the national ability range (NAGTY, 2006). 
Again there was a standards agenda that unpinned the mission statement which emphasised 
maximising potential. The aims focused on the boosting of attainment (NAGTY, 2006). Only 
comparatively recently (in 2005 - 2006) were the eligibility criteria amended to now include 
guidance on the identification of students on the basis of talent in the arts. 
In England therefore, there are rather hybrid definitions of the terms gifted and talented. 
Internet based guidance for teachers still refers to 'more able' children (QCA, 2004). There is 
a perceived need to raise standards in academic subjects, in particular English and 
mathematics, whilst realising that there are external factors which can influence whether 
innate ability is converted into attainment (DfEE, 1999c; Eyre, 2004). In this thesis, I will be 
using the term gifted to describe children who have innate ability in science which could be 
actualised by the mediation of external catalysts. There is evidence however, to suggest that 
searching for a precise definition might be a distraction for schools when they are trying to 
meet the needs of gifted children (Education and Employment Committee, 1999: x1 ix); the 
focus of the School Action Research Project. I feel that the focus of teaching should be on 
meeting the needs of all pupils, including the gifted, and not on giving them labels. The next 
section will examine how we might recognise gifted scientists in order to meet their needs. I 
have included this section because of the difficulty associated with evaluating relevant 
material from outside England and in some cases from within England. 
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2.3 How do we recognise children who need challenging in our science teaching? 
Giftedness in young children refers primarily to precocity, a rapid rate of development in one 
or more areas (Smutny, 2000). Porter (1999: 33) defined gifted young children as those who 
have the capacity to learn at a pace and level of complexity that is significantly advanced of 
their age peers. Maker (1982) suggested that gifted pupils differ from their classmates in 
three ways, the pace at which they learn, the depth of their understanding, and the interest 
they hold. This is reinforced by a study conducted by Cross and Coleman (1992) involving 
gifted high school stUdents which found that the students' major complaint about instruction 
was the frustration of being held back by the pace of and content of the courses. Lynch 
(1992) found that scientifically gifted middle school pupils taking a three week summer school 
outperformed high school students who had taken the courses for a full year. Allebone (1998) 
identified one of the key characteristics of gifted children as their ability to use higher order 
thinking skills at an earlier age. Coates and Wilson (2003b) found that scientifically gifted six 
year old children were capable of giving correct answers to Standard Assessment Test (SAT) 
questions set for eleven year old children. The questions required the children to interpret 
graphical data and use higher order thinking skills, and were not simple recall. The QCA 
Report 'Standards at Key Stage 2, English, Mathematics and Science' (QCA, 2000) indicated 
that only half of the Year 6 children entered in 1999 gave correct responses to these 
questions. 
If being gifted is simply seen as rapid progress through normal developmental stages, it could 
be perceived to fade as other people caught up or even went beyond. However, a gifted 
child's development is thought to be asynchronous and qualitatively different from the norm 
(Columbus Group, 1991). A gifted child deals with abstract concepts early and brings those 
concepts to bear on later experiences. This different, more complex way of processing 
experiences creates essentially different experiences (Tolan, 1992). Freeman (1998: 54) 
suggested that gifted children were different in their educational needs because of their 
capacity to learn more quickly, deeply and autonomously, and to take their learning further in 
creative ways. What all of the literature suggests is that gifted children have the potential for 
unusually high performance in at least one area. They have the capacity to think clearly, 
analytically and evaluatively. 
The QCA definition of gifted (QCA, 2001 a: 1) suggested that there will be children who have 
above average ability in science and are therefore seen to be gifted in that subject. This 
ability in science mayor may not be combined with abilities in other subjects (Poncini and 
Poncini, 2002). Rakow (1988) found that gifted scientists, with demonstrated ability in the 
subject, were intensely curious about science and mathematics, engaged in investigations of 
science topics and were tinkerers. He does not however indicate whether giftedness in 
science resulted in the characteristics or if innate characteristics produced a gifted child. 
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Sometimes gifted pupils use a vocabulary that is beyond other pupils of their age. They also 
may be intensely curious about science and become engrossed in ideas and investigations. 
A scientifically gifted child will create a prodigious data base in his/her field(s) of interest 
(Geake et ai, 1996: 46). The Dudley Local Education Authority (LEA) (1998) noted that pupils 
of all ages who are gifted scientists are generally the ones who ask perceptive, provocative 
questions. They bring background knowledge to bear on their school work and show a 
greater proclivity for independent work (Geake et ai, 1996: 46). 
The QCA (2001a: 1-2) has identified a list of twenty-three characteristics from which a range 
should be evident in the gifted scientist. This is a very comprehensive and extensive list, 
ranging from being imaginative to being able to analyse data or observations and spot 
patterns easily. The checklist is designed to be used with all children from Key Stage 1 to 
Key Stage 4. It is self evident that the children aged five will not exhibit the same 
characteristics as a gifted sixteen year old. Research by Coates and Hazell (2002) with a 
Year 1 class demonstrated that the three most gifted children in the class showed on average 
ten of these characteristics but 38 per cent of the children showed none at all. This may be 
why out of the twenty-three traits, the year one children scored on average three 
characteristics per person and these only occurred within a limited range of fifteen 
characteristics. As the QCA document indicates, these are characteristics from which a 
range should be evident (QCA, 2001 a: 1). 
When working with groups of primary children in masterclasses, Coates and Wilson (2000; 
2003a) identified a number of characteristics associated with the scientifically gifted children 
involved. All of the scientifically gifted children exhibited some or all of the following: 
• a natural curiosity about the world and the way things work; 
• an enjoyment of hypothesising; 
• an ability to express scientific knowledge and understanding logically and coherently; 
• an ability to use scientific vocabulary accurately and appropriately; 
• an ability to transfer knowledge and understanding from one situation to another; 
• an ability to spot and describe patterns in results; 
• an ability to show innovation in experimental design and/or in the collecting and 
recording of data. 
What there seems to being lacking at the moment is hard, wide ranging evidence about the 
characteristics of gifted pupils and even less concerning the scientifically gifted. This lack of 
research evidence about the characteristics of gifted children was illustrated by Stopper in his 
evidence to the Education and Employment Committee (1999): 
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Hundreds of value judgements have been published on the subject. What they are 
not, despite the eminence of their authorship in numerous instances, is evidence 
based on valid conclusions drawn from an adequate range of research studies. 
(Education and Employment Committee, 1999: x1 viii) 
For teachers therefore, the most effective and classroom friendly means of identifying those 
pupils who are gifted is by monitoring their performance when faced with challenging science 
activities. This is identification through provision, which Freeman (1998) calls the 'Sports 
Model'. The sports analogy is apposite because, in order to discover who is the best high 
jumper, the bar is raised for all and we watch to see who can make the leap. Therefore, 
providing the whole class with challenging tasks and questions will result in opportunities for 
pupils to demonstrate the depth of their thinking and understanding. The learning context is 
therefore seen to be an essential feature of this more flexible means of identification (Coates 
and Wilson 2003b). For as Freeman (1998: 15) stated, the gifted cannot make progress 
without the means to learn. Hence aptitude and provision are considered together to find and 
provide for potential strengths and abilities. Gifted children will not make progress in their 
learning if the identification stops at a checklist (for example, Coates and Wilson, 2001; 
2003b). The learning context is therefore seen to be an essential feature of this more flexible 
means of identifying gifted scientists. Indeed I could argue that some gifted scientists may 
not reveal themselves until given challenging activities (Geake et ai, 1996). Aptitude and 
provision are considered together to find and provide for potential strengths and abilities 
(Freeman, 1998). Identification therefore occurs when teachers recognise the advanced way 
in which a child responds to the curriculum. This method of teaching is a continuous and 
exciting process, which motivates the gifted pupils and encourages them to identify 
themselves through their achievements (Coates and Wilson, 2003b). 
Identification of gifted children, therefore, only makes sense when it is linked to effective 
proVision and this, in turn, is linked to the individual child's rights. As George stated: 
Educationalists are agreed that it is every child's right to go as far and as fast as 
possible along every dimension of the school curriculum in order to reach their 
considerable potential, and that this is one of the main aims of education. 
(George, 1997: 4) 
By differentiating the curriculum to build on gifted pupils' natural scientific curiosity teachers 
can therefore reveal the excitement and beauty of science to gifted pupils (Geake at ai, 1996: 
45). Although identification through provision could be viewed as the most straightforward 
way for practising teachers to identify scientifically gifted pupils it is potentially fraught with 
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difficulty. This was the main reason why the development of challenging science for gifted 
children was the focus of ARP School'S Action Research Project. 
2.4 The Challenging Science Curriculum 
Challenge for gifted children can be achieved through appropriate teaching and expectations 
of pupils ... and through the curriculum (Education and Employment Committee 1999: 1 iv.). 
This does assume that teachers have the capability to develop appropriate teaching or the 
means of developing their teaching. It is therefore imperative to recognise the importance of 
individual teachers in considering curriculum development (Eyre et ai, 2002). This is 
particularly important at a school level where teachers are looking to modify the National 
Curriculum (DfEE/QCA, 1999) to meet the needs of all the pupils in their class. All children, 
including the gifted, need to be challenged by their science work in order to achieve their full 
potential (George, 1997). When meeting the needs of gifted children it is not always 
necessary to look towards the amount of work that is done but rather to the cognitive 
demands (Coates and Wilson, 2003b) and intellectual demand (OFSTED, 2000) that activities 
make upon the children and in particular the use of higher order thinking skills. 
The National Curriculum (DfEE/QCA, 1999) requires teachers to provide effective learning 
opportunities for all pupils. It states that: 
Science stimulates and excites pupils' curiosity about phenomena and events in the 
world around them. Because science links direct practical experience with ideas, it 
can engage learners at many levels. Scientific method is about developing and 
evaluating explanations through experimental evidence and modelling. This is a spur 
to critical and creative thought. Through science, pupils understand how major 
scientific ideas contribute to technological change - impacting on industry, business 
and medicine and improving the quality of life. 
(DfEE/QCA, 1999: 76) 
Recent studies in America have identified materials that are most appropriate for challenging 
able children in primary schools (Johnson et ai, 1995). These materials have a similar feel to 
the English Science National Curriculum. The similarities include a balance between process 
and content, an emphasis on original student investigations, concept development and 
interdisciplinary applications. In England, the process of science and investigative skills are 
set out in Sc1 Scientific enquiry and the concepts to be studied in Sc2 Life processes and 
living things, Sc3 Materials and their properties and Sc4 Physical processes. I n the section 
Breadth of study (DfEE/QCA, 1999: 27) the interdisciplinary nature of the curriculum is set out 
where it is stated that: 
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During the key stages (1 and 2), pupils should be taught the knowledge, skills and 
understanding through: 
a. a range of domestic and environmental contexts that are familiar and of 
interest to them; 
b. looking at the part science has to play in the development of many useful 
things. 
In the United States curriculum ideas were further refined by Van Tassel-Baska (1998) who 
indicated that the essential features of a science curriculum that has the potential to meet the 
needs of gifted children (i.e. to challenge them) should contain the following features: 
• an emphasis on learning concepts; 
• an emphasis on higher level thinking; 
• an emphasis on enquiry, especially problem solving; 
• an emphasis on the use of technology as a learning tool; and, 
• an emphasis on learning the scientific process, using experimental 
design procedures. 
If the National Curriculum vision of science is realised then science should be an exciting and 
challenging subject for all primary children. The concern for a primary teacher is to plan for a 
working environment in which all pupils, including the gifted, can fully develop their science 
capability and interests within the confines of a normal mixed ability class. Maker and 
Nielson, (1995) make the point that the provision for gifted pupils should be qualitatively 
different and not simply more of the same. If, once they have finished a task, they are always 
given more work of the same type or yet another worksheet, gifted children soon realise that 
the intelligent thing to do is never to finish before anyone else (Coates and Wilson, 2003b). 
The skill of the teacher is to ensure that the differentiation is appropriate, effective and 
exciting so that the children are engaged in their learning. It is essential to provide an 
extensive range of experiences and examples so that pupils' mastery of the important 
concepts embedded in the Science National Curriculum is strengthened (Gallagher, 1985). 
Allebone (1998) identified one of the characteristics of gifted children as their ability to use 
higher order thinking skills at an earlier age. Lewis and Smith (1993: 136) consider the 
difficulty of defining higher order thinking and offer the following definition: 
Higher order thinking occurs when a person takes new information and information 
stored in memory and interrelates and/or rearranges and extends this information to 
achieve a purpose or find possible answers in perplexing situations. 
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Thinking skills can be divided in two levels: higher order and lower order (Bloom, 1956). The 
teaching of these lower and higher order skills (see later on in this section for more details 
regarding these skills) should be closely interwoven in the classroom (Lewis and Smith 1993). 
While lower and higher order thinking may be taught together in a class, for a given individual, 
the need to use higher order thinking will depend upon the nature of the task and the person's 
intellectual history. Gifted children should, however, spend more time on higher-order 
activities (Davis and Rimm, 1998). 
Bloom's taxonomy describes six levels of thinking arranged hierarchically in order of 
complexity (Bloom, 1956). It stresses six levels of thinking with the last three listed (see 
below) being considered as higher order. 
Bloom's taxonomy comprises: 
• Knowledge: remembering previously learned material; 
• Comprehension: ability to grasp the meaning of material and convey it to others; 
• Application: ability to use learned material in new contexts or situations; 
• Analysis: ability to break down data into significant component parts; 
• Synthesis: ability to create new structures using combinations of learned parts; 
• Evaluation: ability to judge material in terms of its value for a given purpose. 
The Science National Curriculum (DfEE/QCA, 1999) sets out levels of achievement in the 
Level Descriptions. At the end of key stage 1 children should achieve between Levels 1 to 3 
and at the end of key stage 2 between Levels 2 to 5. Scientifically gifted children can achieve 
beyond these levels in Sc1 (Scientific enquiry), for example, they could reach Level 4 at age 
seven (end of key stage 1) and Level 6 at age eleven (end of key stage 2). Research by 
Coates and Eyre, (1999) suggests that gifted scientists can be found in most classes of seven 
year olds with the potential to reach Level 4. Tables 2.1 and 2.2 (Coates and Wilson, 2003b) 
show the links that there are between Bloom's taxonomy and scientific skills as set out in the 
Science National Curriculum programmes of study. 
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Table 2.1: Links between higher level thinking and Level 4 in scientific enquiry 
Higher Level Thinking in Bloom's Scientific enquiry. Sc1/AT1 Level 4 
Taxonomy 
Application [; Where appropriate, children can make 
predictions 
Analysis 0 In their own investigative work, they decide on 
an appropriate approach to answer a question. 
Synthesis 0 They begin to relate conclusions to patterns in 
data and to scientific knowledge and 
understanding. 
0 They describe or show in the way they perform 
their task, how to vary one factor while 
keeping others the same. 
Evaluation 0 Children can suggest improvements in their 
work, giving reasons. 
30 
Table 2.2: Links between higher level thinking and Level 6 in scientific enquiry 
Higher Level Thinking in Bloom's Scientific enquiry. Sci/ATi Level 6 
Taxonomy 
Analysis [l In their own investigative work, they (the 
children) use scientific knowledge and 
understanding to identify an appropriate 
approach. 
Synthesis [J Children draw conclusions that are consistent 
with the evidence and use scientific knowledge 
and understanding to explain them. 
Evaluation 0 Children make reasoned suggestions about 
how their working methods could be improved. 
Science lessons provide an ideal framework for cognitive work and the use of higher order 
thinking. O'Brien (1998: 4) notes that: 
Children reveal something of their close understanding of science and the way they 
are viewing the world in the way they tackle thinking problems. It is therefore 
important for teachers to observe closely the way pupils think in science as well as 
what knowledge they display. 
However, research in England indicates that this is not always a routine outcome of 
classroom science. Luxford (1997) suggests that content based teaching, which she 
describes as the focus of most primary science lessons, only deals with lower order thinking. 
The hierarchy of scientific skills suggests a difference between lower order and higher order 
thinking skills. The utilization of higher order thinking skills has been developed in other 
ways, for example, the Thinking Science Project (Israel) which integrates higher order 
thinking skills into the science curriculum (Zohar, 1999). The basic (lower order) process 
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skills include observing and classifying, whereas integrated (higher order) process skills 
include interpreting data, controlling variables and formulating hypotheses. 
Recent advice to teachers has suggested that the curriculum for all children should be more 
cognitively based. The teachers' guide update to the Science Scheme of Work (QCNDfEE, 
2000d) gives guidance on different types of thinking skills and which topics would benefit by 
their inclusion; 
By using thinking skills children can focus on knowing how as well as knowing what-
on learning how to learn. Many aspects of science contribute to the development of 
thinking skills. 
(QCNDfEE, 2000d: 8) 
Although this document deals with making science education more challenging for all 
children, similar activities in the classroom can be adapted to include aspects of enrichment 
and/or extension so that gifted children are challenged by the work (Coates and Wilson, 
2003b). In the guidance for working with gifted children within the Numeracy and Literacy 






(QCA, 2001 b) 
In science, breadth involves 'going sideways' for example applying scientific knowledge in a 
new situation, beyond the confines of the Science National Curriculum, but not necessarily at 
a greater level of complexity. Depth involves an increase in the complexity of the task but 
without going beyond the actual content of the normal curriculum, for example hypothesising 
and predicting. This will often involve the encouragement of the pupils to access higher order 
thinking skills (Bloom, 1956). Acceleration involves covering the material more quickly and 
embarking on work from the following key stage. The children are accelerated through the 
curriculum so those primary age children may be taught some of the secondary school 
syllabus. Acceleration as a means of creating sufficient challenge for gifted children can be a 
particular problem for primary teachers, especially in areas of the curriculum where they lack 
confidence or specific expertise. Effective teachers of gifted children need to have a good 
knowledge and understanding of their subject (Maker and Nielson, 1995) and also need to be 
confident when applying this knowledge in the classroom (Education and Employment 
Committee, 1999). This is not simply to convey factual information to children but to have the 
confidence: 
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... to ask questions which will lead children to reveal and reflect on their ideas, so 
they can avoid "blind alleys", so that they can provide relevant sources of information 
and other resources, so that they can identify progress and the next steps that will 
take it further. 
(Harlen, 1997: 335) 
Alexander et al. (1992) argue that effective teaching depends on the successful combination 
of knowledge, understanding and skills. When these are combined together they should 
provide pupils with maximum opportunity to learn (Silcock, 1993: p. 13). Acceleration will 
inevitably result in overlap with work that pupils will be doing in later years and it can be 
demotivating for (gifted) pupils to repeat work. However, it may be appropriate in certain 
areas of the curriculum, for example, electricity. The gifted pupils can be encouraged to plan 
and carry out investigations with less adult support than the rest of the class, to work 
independently. Pupil research can also be a useful tool for challenge, as long as it is not a 
case of pupils being completely left to their own devices, with no structure or planning behind 
the exercise. Reflection involves making explicit what they understand and evaluating what 
they have done. Evaluation is the final stage of an investigation and is an integral part of 
scientific enquiry but it is something that is too easily omitted because of time constraints 
(Coates and Wilson 2003b). For many teachers the emphasis was on children completing a 
fair test and with a limited time slot for science evaluation was neglected. Evaluation gives 
pupils the opportunity to learn to criticise their work and suggest improvements. 
2.5 What is effective professional development? 
Making primary science lessons more challenging might be achieved through various forms of 
professional development, the core of which is the production and sharing of new knowledge 
about practice (Sachs, 1999). Methods utilised in professional development include in-
service training, reflective practice and teacher research (Denscombe, 1999; Shafer 2000). 
Unfortunately, some of the more traditional approaches to professional development have 
failed to promote the expected changes in teachers' thinking and classroom practice (Schon, 
1983; Clark, 1997; Sagor, 1997; Doerr and Tinto, 2000). This is because this form of 
professional development does not facilitate perspective transformation (Lieberman and 
Grolnick, 1997) as teachers are not expected to question and adapt their thinking and 
practice, but accept the new ideas without much difficulty (Clark, 1997). These traditional 
approaches do not facilitate perspective transformation as they ignore the needs of individual 
participants (Lieberman and Grolnick, 1997). Workshops where teachers were told what to 
do in their classrooms have little effect on practice (Hawley and Valli, 1999; Ponte, 2005). 
Grundy (1995: 7) describes this as pit stop professional development - isolated, externally 
provided, training sessions designed to fix teachers up. Such approaches to professional 
development have been criticised for being piecemeal, haphazard, brief and atheoretical 
(Collinson and Ono, 2001) and failing to take account of the context in which participants work 
(Hargreaves, 2000). 
Hargreaves (2000) argued that there need to be new models of professional development for 
teachers to meet the challenges of their rapidly changing roles, contexts and pedagogy. 
Joyce and Showers (1984), writing at a time when the norm for professional development was 
through taught courses, proposed that effective professional development has four 
hierarchically-linked components: theory, demonstration, practice and feedback. Sustained 
practice in the classroom is then necessary for the transfer and incorporation of skills, 
strategies and curriculum patterns into participants' active teaching repertoires (Buzzard and 
Jarvis, 1999). Showers et al (1987) suggested that nearly all teachers need social support 
and 'follow-up' provided by expert or peer coaches during the transfer process to enable them 
to sustain their practice. However, Kinder and Harland (1991) acknowledging the model 
advanced by Joyce and Showers (1984) suggested that it omitted factors that can be highly 
influential on teachers' subsequent classroom practice. They identified the importance of 
differentiation, identification of and negotiation of individual needs, sustained and substantial 
involvement, coherence, continuity and progression, motivation, high expectations, eclectic 
approaches, classroom support, external agency input, reflective practices, and on-going 
evaluation. A study of 1000 teachers in the USA (Garet et aI., 2001) found that the following 
professional development activities had the greatest impact on classroom practice: 
• a focus on content knowledge; 
• provision of opportunities for active learning; and, 
• coherence with other learning activities. 
They concluded: 
.. . that it was more important to focus on the duration, collective participation and core 
features (i.e. content, active learning and coherence) than type of learning 
(Garet et aI., 2001: 936) 
The Evidence for Policy and Practice Information and Co-ordinating (EPPI) Centre review 
(Cordingley et ai, 2003) examined the literature on collaborative continuing professional 
development (CPD) and its effects on teaching and learning. Through the synthesis of 
research ideas the EPPI review came to the conclusion that positive outcomes from 
professional development which encompassed all aspect of teaching and learning were linked 









the use of external expertise linked to school-based activity; 
observation; 
feedback (usually based on observation); 
an emphasis on peer support rather than leadership by supervisors; 
scope for teacher participants to identify their own CPO focus; 
processes to encourage, extend and structure professional dialogue; 
processes for sustaining the CPO over time to enable teachers to embed the 
practices in their own classroom settings. 
(Cordingley et ai, 2003: 5) 
In 2004, the DfES identified other factors which should be added to the EPPI list that were 
associated with effective CPD: 
• is likely to have a direct relationship with what teachers are doing in their own 
schools and classrooms; 
• provides scope for participants to identify the focus of their development; 
• enables all staff to be reflective and focus on their contribution to children's learning 
and attainment; 
• provides opportunities to work with other colleagues and share practice; 
• includes opportunities to receive regular and structured feedback; 
• includes opportunities for independent self-study. 
(DfES, 2004b: 6) 
There now seems to be a consensus based on the analysis of research carried out into what 
is thought to be effective CPD. In the next sections I will discuss how teachers acting as 
researchers can be an effective form of CPD, and the nature of action research and how it 
relates to effective C PD. 
2.6 Teachers as researchers 
Teacher research is not new but there are now a growing number of advocates who are 
suggesting that practitioner research can form the foundation for teachers' learning and 
educational change (Peters, 2004). With the support of higher education institutions however, 
teachers have been encouraged to carry out research for many years. They have engaged in 
action research, practitioner research and collaborative inquiry in order to refine and develop 
their practices and innovate, evaluate and improve their teaching (Stenhouse, 1975; Elliott, 
1974; Hustler et ai, 1986; McKernan, 1996). Stenhouse (1975) suggested that all teachers 
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needed to study their work themselves, to become researchers of their own practice. This 
required teachers to be willing and able to question their own teaching and theories, which 
underpin it as a basis from which to develop as practitioners. Handscomb and MacBeath 
(2005: 15) found that teachers researching in their own schools and classrooms have found 




encourages practitioners to question, explore and develop their practice; 
to be a highly satisfying and energising professional activity; 
has become an integral part of continuing professional development. 
The linking of teacher research and professional development helps to define the process of 
professional development in a growth model rather than a deficit one (Huberman and Guskey, 
1995). 
Cochran-Smith and Lytle (1993: 27) define teacher research as: 
Systematic and intentional inquiry about teaching, learning and schooling carried out 
by teachers in their own school and classroom setting. 
Teacher research is concerned with understanding and improving practice and can be seen 
as a way for teachers to know their own knowledge (Lytle and Cochran-Smith, 1994). It can 
generate both local and public knowledge, local knowledge informing their own practice and 
potentially benefiting the immediate community of teachers, public knowledge for the wider 
community of educators (Cochran-Smith and Lytle, 1993: 42). The Action Research Project 
reported in this thesis was designed to generate both kinds of knowledge as the main aim 
was professional development of all teachers in ARP School but the findings were also 
disseminated through the Best Practice Research Scholarship (BPRS) website and a National 
Primary Trust publication (Coates et ai, 2003c) for other teachers to utilise in their teaching. 
Cochran-Smith and Lytle (1992) suggested that research can help teachers to pose questions 
and identify where their theory and practice show discrepancies. It provides opportunities for 
teachers to become more reflective and critical of their professional practice. Rudduck (1991) 
argued that research provides a practical way of seeing beyond what is commonly taken for 
granted in school life, and seeing 'with new eyes' that look more deeply at phenomena that 
are normally ignored, and more deeply at the processes underlying the surface observations 
of classroom life. 
There has been a Government drive to promote teaching as an evidence based profession. 
Such an approach is seen by the Government as a means of improving teaching and raising 
standards (Marsh et ai, 2001). The Green Paper (OfEE, 2000a) emphasised the need for 
CPO to meet individual teacher needs and suggested that this might happen through teacher 
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research in partnership with higher education institutions thus working independently or in 
cooperation with external researchers (Bolan, 2000). The emphasis on evidence-based 
practice, the greater use of research findings by teachers, and links with teacher research and 
the professional development of teachers became a significant part of the Government's CPD 
Strategy (DfES, 2001 b). The Green Paper gave birth to the Best Practice Research 
Scholarship (BPRS) programme which was part of the DfEE Continuing Professional 
Development Strategy (DfEE, 2000b). Best Practice Research Scholarships were introduced 
to: 
enable teachers to undertake classroom-based and sharply focused small scale 
studies in priority areas, and to apply and disseminate their findings. 
(DfEE, 2000b: 1) 
The BPRS scheme was recognised as a useful way of building knowledge and understanding 
about raising the standards of teaching and learning among those chosen teacher 
researchers (Bartlett and Burton, 2003: 111). Unfortunately it has now been abandoned as 
dissemination did not always occur and there was a perception that the DfEE did not see the 
BPRS programme as cost effective. 
The BPRS scheme superseded the Teacher Training Agency's (TTA) Teacher Research 
Grant Scheme (TTA, 1999). The TTA funded teacher research for a number of years. The 
research had differing levels of effectiveness which allowed the TTA to identify (TI A, 2000) 
what they saw as the characteristics of the most effective teacher research. These 
characteristics are: 
• the research looks at how things are done as well as whether they should be 
done and does so in relation to pupil outcomes; 
• the projects contain a wealth of detail of teaching and learning processes in 
classrooms; 
• many of them are cumulative; they build effectively on previous projects, 
moving forward progressively; 
• the projects start from and try to contribute to what's known already. This 
shapes methods and analysis rather than being an "add-on"; and, 
• the projects are steered and supported by colleagues able to combine 
sympathy and support with challenge and relevant knowledge. 
(TT A, 2000: 10) 
If teachers are involved in research, their professional work will be more effective and 
satisfying (Hargreaves, 1998: 1). The earlier ideas of Hitchcock and Hughes (1995: 3) went 
even further when they state that research is an essential and important aspect of the 
teacher's responsibility. Brause and Mayher (1991) saw practitioner research as a significant 
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part of a cycle of a teacher's professional development and renewal. McNiff (2002) 
suggested that research should encourage in teachers a desire to interact with new ideas and 
develop their independence of mind. The emphasis for school based CPO has been on 
learning together, learning from the best and learning from what works (Hanscomb, 2003) 
with teacher research and profeSSional development at much more centre stage than before 
(Campbell and Jacques, 2004). There was therefore an implicit policy which aimed to 
promote teaching as a research based profession. This was linked to the Government's 
concern to raise standards in schools. The underlying aim has been to have a more effective 
school system, where the product of 'effective' teaching and learning was demonstrated 
through higher achievements as measured by SAT and GCSE results. The system was 
thought to be effective when the target number of children attained the expected National 
Curriculum Levels for their Key Stage or number of GCSE grade Cs or above. This is a 
rather limited and narrow view of the term 'effective' which seemed to have influenced the 
Government's perspective on teacher research. This was exemplified by a comment that the 
research process has been seen by many teachers as a good way of increasing 
understanding of how to raise standards of teaching and learning (DfES, 2001 b). Elliott 
(1999: 1) has criticised this Government strategy as he suggested that it was not designed to 
support the empowerment of teachers but was an attempt to establish an epistemic 
sovereignty to legitimate its (the Government's) interventive policies to drive up standards. 
The focus of much classroom and school based research has therefore been on 'what works' 
rather than 'why' or 'how' it works. There are also suspicions of pressure on teacher 
researchers to endorse current Government policies such as the Numeracy and Literacy 
Strategies (Campbell and Jacques, 2004: 76). 
A recent report on Continuing Professional Development in Wales commissioned by the 
General Teaching Council of Wales (Egan and James, 2002) found teachers indicated that 
research was the least popular form of professional development. As Hanscomb and 
MacBeath (2005: 16) noted, many teachers remain to be persuaded of the value of research 
and the notion of being a teacher researcher was considered unhelpful and might be off-
putting. This seemed to contrast research carried out with headteachers by the National 
Foundation for Educational Research (Archer et ai, 2003) which indicated that ninety two per 
cent of them thought participating in educational research was worthwhile. Wilson et al 
(2003) also found that headteachers and class teachers were enthusiastic about the benefits 
of engaging in research, particularly for improving learning of pupils. In their evaluation of 
BPRS, Furlong et al (2003: 40) found that those teachers involved were overwhelmingly 
positive and enthusiastic about the scheme. It was seen to value their professionalism. 
Teachers in the Furlong study (Furlong et ai, 2003: 40) also thought that that their own 
research had the capacity to contribute to the development of teaching and learning in their 
schools and beyond. 
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2.7 The nature of action research 
Action research is often the methodology used for school based teacher inquiry because it 
aims to give teachers practical methods to develop knowledge from their experiences and to 
make a contribution to the shared knowledge of the profession (Altrichter et ai, 1993). Action 
research in education can be said to be a process in which the teacher is the main 
researcher, problem identifier and investigator (Brown and Macatangay, 2002). The nature of 
action research will therefore, be examined in the next section of this review. 
Desirable change and improvement are primary concerns of action research (Carr and 
Kemmis, 1986). This can be achieved by teacher researchers' own practical actions by 
reflection on the effects of those actions (Ebbutt, 1985: 156). The teacher researchers in 
ARP School ultimately wanted to achieve two benefits through their Action Research Project: 
the improvement of their science teaching, and an improvement in children's performance. 
Discussion of the concept of action research in the past has tended to fall into two camps, the 
British and the American traditions. In the British tradition of action research, there was a 
view that it was research-oriented to the enhancement of direct practice especially when 
linked to education (Smith, 1996; 2001). Teachers would be engaged in action research as 
an emancipatory process. This can be summarised by the definition given by Carr and 
Kemmis: 
Action research is simply a form of self-reflective enquiry undertaken by participants 
in social situations in order to improve the rationality and justice of their own practice, 
their understanding of these practices, and the situation in which these practices are 
carried out. 
(Carr and Kemmis, 1986: 162) 
In this model of action research, the researchers are also (some of) the participants. They 
are insiders using their own site as the focus (Anderson et ai, 1994; Bassey, 1995). As action 
research is concerned both to understand and to change particular situations, external 
researchers, who are not in or of the situation, are not in a position to do this. They cannot 
share the informal theory of practitioners and cannot possess the situated knowledge 
essential for change (Bryant, 1996: 114). In the case of ARP School this was the four 
teachers who were the insiders who wanted to make science teaching more challenging. The 
aim was to improve practice through the transformation of the teaching situation. In action 
research there is a particular kind of relationship between transformation and understanding 
(Bryant, 1996). Schon explains it as: 
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The practitioner has an interest in transforming the situation from what it is to 
something he (sic) likes better. He (sic) also has an interest in understanding the 
situation, but it is in the service of his (sic) interest in change. 
(Schon, 1983: 14) 
There is therefore interplay between understanding and change as understanding is oriented 
by interest in change and the change itself increases understanding (Bryant, 1996). Schon 
(1983) characterised this process as reflection-in-action and those teachers who were 
engaged in this were viewed as reflective practitioners. A key feature of the Carr and Kemmis 
(1986) definition is that action research is closely linked with the notions of reflective practice. 
If teachers do not have this capacity for reflection, there can be no change in pedagogy 
brought about by self-reflection (Schon 1983, 1987, 1995). Schon's ideas would seem to 
indicate that reflective practice and action research are akin to each other and that reflective 
practitioners are researching their own practice (Bryant, 1996) because they are according to 
Bryant, freed from established theory and techniques and are able to construct new theory to 
fit their unique situation (Schon, 1983). Elliott (1991) regarded action research as a part of 
reflective educational practice. He indicated that action research: 
... integrates teaching and teacher development, curriculum development and 
evaluation, research and philosophical reflection, into a unified conception of a 
reflective educational practice. 
(Elliott, 1991: 54) 
When engaged in reflective practice, time is taken to consider one's own teaching. This 
begins with identification of underlying assumptions and views that motivate how teaching is 
undertaken. Reflective practice and action research are not, however, viewed by some 
writers as the same thing (Denscombe, 1999; Shafer, 2000; Pereira, 1999). Action research 
involves strategic action with a deliberate planned intent to solve a problem (McMahon, 
1999). Action research is the examination of the reasons why something is done in teaching 
by looking for underlying motivations. If we combine this with systematic gathering of 
triangulated information, rigorous analysis of data, we move from reflective practice to action 
research (Denscombe, 1999; Shafer, 2000; Pereira, 1999). Research, therefore, can be 
defined as systematic critical enquiry made public (Stenhouse, 1984: 77). 
The idea of action research that was broadly understood in America in the late 20th century 
was associated with the social welfare field (Smith, 2001). It was tied to the desire to do good 
in the world, through direct social action. Action research was seen to be the systematic 
collection of information that is designed to bring about social change (Bogdan and Biklen, 
1992: 223). The practitioners gather together evidence to expose injustices or environmental 
dangers and recommend action for change (Bogdan and Biklen, 1992). The practitioner is 
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actively involved in the cause for which research is being conducted. The emphasis was on 
the process rather than the action as in the English tradition. 
More recently Reason and Bradbury (2001) have synthesised ideas, from both camps, 
concerning action research and developed the following definition: 
Action research is a participatory, democratic process concerned with developing 
practical knowing in pursuit of worthwhile human purposes ... It seeks to bring 
together action and reflection, theory and practice, in participation with others, in 
pursuit of practical solutions to issues of preSSing concern ... 
(Reason and Bradbury, 2001: 1) 
I feel that this definition clearly describes the Action Research Project at ARP School. When 
action research involves education in schools there are generally two main purposes for the 
research. Firstly, the improvement of teaching in order to enhance children's learning. 
Secondly, to improve understanding of the educational situations in which they (the teachers) 
teach so that they then can become part of the knowledge base of teaching and learning 
(Carr and Kemmis, 1986). I think that action research could therefore be viewed as a 
research methodology or approach and not a specific set of research methods (Feldman and 
Minstrell, 2000; 431). 
The purpose of the teachers' research at ARP School was to extend all of the teachers' 
understanding about how science was being taught, what challenge in science teaching 
means, confronting teachers with evidence of their practice and then to try to resolve the 
issue by making the teaching more challenging, particularly for gifted pupils. Stringer outlined 
the following characteristics of community-based action research: 
• It is democratic, enabling the participation of all people; 
• It is equitable, acknowledging people's equality of worth; 
• It is liberating, providing freedom from oppressive, debilitating conditions; 
• It is life enhancing, enabling the expression of people's full human potential. 
(Stringer, 1999: 9) 
2.8 Models of action research 
There are many models of an action research cycle (or spiral) (for example: Kemmis, 1981) 
and researchers (for example, Elliott, 1991) attribute the origins of action research to Lewin 
(1946). All of the models have similar widely accepted features and related theories around 
them (Atkinson, 1994). 
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Action research has a number of key processes; observation, planning, action and reflection 
(for example: Carr and Kemmis, 1986; Elliott, 1991; McNiff, 1995; Robson, 1999; Zuber-
Skerritt, 1995). The action phase is the planned intervention and the heart of the research is 
to watch the impact of this intervention and to be open to revising it in the light of data being 
gathered. The cyclical nature and the division into phases are therefore, generally agreed 
principles of action research (Carr and Kemmis, 1986; Hopkins, 1993; McNiff, 1988). At each 
stage, there is considerable self-reflection, collaborator reflection and discussion (Borgia and 
Schuler, 1996). In reality, the process of action research is not quite as neat as this since 
data collection, analysis, action and implementation might all take place concurrently 
(Gummesson, 1991). 
Ebbutt (1985) indicated that the action research spiral was not appropriate and suggested 
that it should be changed to a looping back model. The point that he was making is that 
researchers often have to go back and start again. A spiral will not allow that to happen. 
Ebbutt viewed action research as a series of successive cycles with the possibility of 
feedback between them. For McNiff (1988), the problem with the spiral model was that it only 
deals with one problem at a time. What she proposes is called 'generative action research'. 
Here the researcher can deal with the many small problems that may arise without taking 
her/his eye off the main question under investigation. Atkinson (1994: 399) saw the spiral 
model as messy and fraught, particularly for teacher researchers. In the busy life of a 
teacher, she suggested that decisions ... carefully planned and based on neat hypotheses, 
are often of necessity made instantly and based on pragmatism. Waters-Adams (2004) 
argued that the range of diagrams of the action research process can give a false sense of 
regularity to teachers. Hopkins (1993) suggested that teachers may become dependent on 
frameworks in models which could inhibit independent action. What is important and 
significant to teachers is not the model to be followed, but that the action research is a 
process which increases their knowledge, which will eventually, it is hoped, lead to a solution 
to their research question. 
2.9 Action research as professional development 
Action research has the potential to be turned into a vehicle for effective in-service education 
and training for practitioners (McKernan, 1996). Hargreaves (1998) goes so far as to state 
that educational research is the most effective form of continual professional development 
and Brause and Mayher (1991: 23) describe it as part of the never ending cycle of 
professional growth. Through engagement in practitioner research Sagar (1997: 172) 
suggested that teachers can develop habits of mind and the discipline of enquiry, become 
more effective practitioners and more fulfilled educators. Action research can therefore 
incorporate both in-service training and reflective practice into professional development 
(Shafer, 2000). Action research carries with it an intention that teachers should, through 
research, bring about change (Cervero 1988; Wadsworth, 1998) which is beneficial to others 
(Dadds and Hart, 2001) or the school (8assey, 1995) by improving the quality of action within 
it (Elliott, 1991). Lomax (1990: 10) indicated how teachers' action research can impact on 
professional development within a school community: 
... action research is a way of defining and implementing relevant professional 
development. It is able to harness forms of collaboration and participation that 
are part of our profeSSional rhetoric but are rarely effective in 
practice .. . [it] ... starts small with a single committed person focusing on hislher 
practice. It gains momentum through the involvement of others as 
collaborators. It spreads as individuals reflect on the nature of their 
partiCipation, and the principle of shared ownership of practice is established. 
It can result in the formation of a self-critical community: extended 
professionals in the best sense of the term. 
(Lomax, 1990: 10) 
McNiff et al (1996: 8) went further, claiming that: 
well conducted action research can lead: 
• to your own personal development; 
• to better professional practice; 
• to improvements in the institutions in which you work; and, 
• to your making a contribution to the good order of society. 
Action research is therefore concerned primarily with improving practice rather than 
increasing knowledge (Hopkin, 1989; Elliott, 1991) although this would undoubtedly happen. 
It is concerned with the evaluation of interventions to determine their impact (Gabel, 1995). 
One of the characteristics of action research is that practitioners partiCipate in researching 
their own practice (Ponte, 2005). Action research is, therefore, a form of practitioner research 
carried out by individuals on and in their own practice, with the objective of professional 
development (McNiff, 1995). It is research which pursues action (change) linked to research 
(understanding) at the same time (Dick, 1999; Kemmis and McTaggart, 2000). Action 
research requires the participants to examine what they do implicitly and perhaps take for 
granted, and to make this information explicit. 
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For some writers in the field, action research must be collaborative (Reason and Bradbury, 
2001) and involve dialogue with colleagues (Ponte, 2005). It entails group work where the 
action research of the group is achieved through the critically examined action of individual 
group members (Kemmis and McTaggert, 2000: 6). Others see this collaboration in two 
forms; with others who have a stake in the problem, or outsiders who have relevant skills and 
resources (Anderson et ai, 1994: 2). 
I feel however, that the relevance of distinctions and debates about action research have little 
real relevance to teachers and agree with Zeichner (1993: 200-201) when he suggested: 
There has been a lot of debate in the literature about what is and is not action 
research, about the specifics of the action research spiral, about whether action 
research must be collaborative or not, about whether it can or should involve 
outsiders as well as insiders, and so on ... a lot of this discourse, although highly 
informative in an academic sense, is essentially irrelevant to many of those who 
actually engage in it ... 
Action research gives a voice to those teachers involved as it emphasises the importance of 
the teachers' knowledge. Key features of action research are the production of specific 
practical changes and the empowerment of those involved. Action research values local 
advances in practice, no matter how limited. It does not however, condone teachers not 
being up to date with their professional knowledge. 
This thesis however, is concerned with the process of action research and how the teacher 
researchers perceived action research as a means of professional development for 
themselves and their teacher colleagues. The thesis will therefore evaluate the process of 
action research in an academic sense (Zeichner, 1993: 200-201). 
3.0 Limitations of action research as professional development 
Ebbutt in his definition of action research suggested that it should involve systematic study of 
attempts to change and improve educational practice (Ebbutt, 1985: 156). As action research 
is value-laden and based on practical reflections it might be difficult to carry out a systematic 
enquiry. The notion that action research is actually 'research' could therefore be challenged 
(Bryant, 1996). Researching changes in education practice means turning the changes into a 
field of public inquiry (McNiff, 1988). Action research becomes 'research' when evidence is 
presented in relation to research questions upon which the public inquiry can feed (Cousins, 
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2000). The research questions should be linked to changes under investigation and be open 
to testing by the gathering of rich data. The data should be then subject to scrutiny and the 
interpretations checked for validity. If enough co-researchers and critical friends agree on the 
interpretations, the more sound and reliable the data analysis becomes (Cousins, 2000: 4). 
Action research is inherently non-reproducible (Feldman and Minstrell, 2000). Teaching 
situations change, no two classes are the same and it is therefore impossible to control 
variables in an experimental design. Teachers may be exploring an aspect of teaching, which 
has inherent strength that it would be unethical to withhold it from a 'control group'. This 
might suggest that action research does not meet the demands of traditional research. In 
traditional research methodologies, for example the scientific methodology, there is objectivity 
in the relationship between the researcher and those being researched. A process that 
promotes change through action research remains outside the scope of traditional (scientific) 
methodologies. 
Foster (1999) would go even further when arguing that much of the small-scale classroom 
investigations in which teachers were engaged are not 'research'. He examined TTA funded 
projects and found that most were relevant to practical applications but were flawed in terms 
of validity because of their data collection methods and analysis. Gorard found that much of 
the TTA funded research was descriptive of current practice with conclusions which were 
mainly repetitions of previously held opinions (Gorard, 2000: 382). In their desire to arrive at 
practical solutions some teachers may overlook the complexity of what they are researching 
and arrive at solutions which are simplistic and naNe (Pirrie, 2001). This criticism of the 
validity of action research can be countered by suggesting that it is impossible to access 
practice without involving the practitioner. Practice is action informed by values and aims 
which are not fully accessible from the outside (Water-Adams, 2004: 24). Handscomb and 
MacBeath (2005: 16) characterised teacher research as evidence-informed practice which 
involved teachers reflecting on their classroom practice, and sharing ideas with colleagues in 
a climate that promotes challenging discourse. They view 'research' and evidence-informed 
practice as ends of a continuum in which the two merge. The issue of validity for small-scale 
teacher research can be improved if a mentor or critical friend challenges and supports 
teachers in their research activities. This would be part of my role in the Action Research 
Project. Most teachers involved in action research are trying to develop their understanding 
or meaning, they are not trying to demonstrate what they have done is applicable in all cases. 
They are trying to show that what they have learnt is true in the case of their classroom or 
school (Feldman and Minstrell, 2000). Collecting data which give several views of the same 
situation will enhance the trustworthiness of action research and move it away from simply 
being a reinforcement of personal beliefs and justification of practice (Bartlett et aI., 2005) to 
an effective means of professional development. This process is called triangulation and will 
be discussed in Chapter 3. 
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Argyris and Schon (1974) argued that people have a mental map with regard to how to act in 
a situation. This involves the way they plan, implement and review their actions. They go on 
to suggest that there are two contrasting theories of action; those that are implicit in what we 
do as practitioners and those on which we speak about to others. The former can be 
described as theory-in-use and the latter as espoused theory. Whitehead (1989, 1993) has 
developed a concept of living educational theory in which each of us is a living contradiction 
of ourselves. This is not unlike Argyris and Schon's 'theory of action' (1974) differing 
principally in its emphasis upon values. Whilst we may hold dear certain values, these are 
often negated or denied in practice. 
As teachers become more aware of their theory-in-use, they will, hopefully, become more 
conscious of the contradictions between what they do and what they say they do (Osterman 
1990; Schon 1988). The analysis and interpretation of data would allow teacher researchers 
to become aware of the values that drive their teaching so that they would become clear 
about what they were doing and why, and thus develop their espoused theory. Through this 
process, teachers acting as researchers can construct their own living education theory 
(Leitch and Day, 2000). 
The development of theory-in-use has three interlinking components; our underlying beliefs or 
governing variables; the action strategies which we use, plan and carry out; and the 
consequences of these actions. In ARP School there was a mismatch between intentions 
and outcomes and the theory-in-use was disturbed; gifted children were not being sufficiently 
challenged in science lessons and the teachers wanted to develop their teaching to resolve 
this problem. Argyris and Schon (1974) suggested that initially many people look for another 
strategy that will address and work within the governing variables. In other words, given or 
chosen goals, values, plans and rules are operationalized rather than questioned. According 
to Argyris and Schon (1974), this is single-loop learning. An alternative response is to 
question the governing variables themselves, to subject them to critical scrutiny. This they 
describe as double-loop learning. Such learning may then lead to an alteration in the 
governing variables and, thus, a shift in the way in which strategies and consequences are 
framed (see Figure 2.1). It could be argued that much of the literature cited in this review 
concerning action research and the education of gifted pupils assumes that the reader agrees 
with the underlying values and governing variables and as such engages the reader in single-
loop learning. 
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governing action consequences 
variables .. strategies .. .. 
l Sinqle-Ioop learninq I 
Double-loop learning 
Figure 2.3: Single- and double-loop learning (Smith, 2001) 
Single-loop learning seems to be present when goals, values, frameworks and, to a 
significant extent, strategies are taken for granted. The emphasis is on 'techniques and 
making techniques more efficient' (Usher and Bryant: 1989: 87). Any reflection is directed 
toward making the strategy more effective. It is less risky for the teachers and affords greater 
control (Argyris, 1982). Double-loop learning, in contrast, involves questioning the role of the 
framing and learning systems which underlie actual goals and strategies (Usher and Bryant: 
1989: 87). It is more creative and reflexive and involves the notion of good (Argyris, 1982). 
Single loop learning has been referred to as lower level learning (Fiol and Lyles, 1985) or 
learning to cope (Senge, 1990), whereas double loop learning is seen as higher level learning 
(Fiol and Lyles, 1985) or learning to expand an organization's capability (Senge, 1990). With 
double loop learning there is likely to be more congruence between teachers' theory-in-use 
and their espoused theory for gifted children. As there is an emphasis in action research on 
the process of 'action' there is the real possibility that the professional development will be 
single-loop learning with no changes to underlying beliefs. Without the transformation of 
norms and values (governing variable) associated with double loop learning, changes may 
not be sustainable nor embedded in teaching and teachers' theory-in-use might revert back to 
the status quo. 
Hoyle (1980) differentiated between two types of teachers; restricted professionals and 
extended professionals. He regarded restricted professionals as conscientious teachers who 
worked hard in the classroom but had a limited outlook as they were concerned with the 
practical rather than the theoretical aspects of their work. Extended professionals seek to 
improve by learning from other teachers and professional development. They constantly 
question and try to link theory and practice. If the extended model of professionalism is the 
aim for all teachers action research could be seen as a natural and important part of , 
profeSSional development (Bartlett, 2002). In the context of ARP School only four teachers 
wished to engage as teacher researchers in the Action Research Project. This might suggest 
that their colleagues were restricted professionals when considering changes to their science 
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teaching to make it more challenging. For them single-loop learning would meet their needs 
as it would help them to make changes to their classroom practice. Bassey (1998) suggested 
that action research has a subjective quality in which personal involvement is essential. 
Judgements concerning the worthwhile nature of innovations are made based on evidence 
and the values of the teacher (Bartlett and Burton, 2003: 109). The teacher researchers may 
engage in this way but their colleagues may not. The problem of meeting the needs of 
scientifically gifted pupils may therefore be solved in a superficial and temporary manner in 
their colleagues' classrooms (Anderson et ai, 1994). The issue for the ARP School Action 
Research Project is that this may not be detectable as the professional development is due to 
be finished in a year with no follow up planned in subsequent years. 
There are several factors, which apparently make it difficult for teachers to carry out research 
that fits into the Stenhouse (1984: 77) definition: systematic critical inquiry made public. As 
action research is inquiry into one's own practice the subject and the object of study are the 
same person. Fielding (2003) indicated that the causal link between professional 
development and classroom impact was problematic because it is difficult to isolate and 
control the social variables of a classroom. Flecknoe (2002) suggested that teachers who are 
willing to engage in professional development are likely to be concerned about improving the 
teaching and learning in their classrooms. The impact reported could merely be a report of 
what would have happened anyway (Flecknoe, 2002: 133). Action research however, could 
be the vehicle which gives a more reliable view of impact because it is concerned with 
bringing about change in a social situation through participation in cycles of planning, acting, 
observing and reflecting, thereby creating possibility for change and transformation (Pedretti, 
1996; Kemmis and McTaggert, 2000). 
One of the problems associated with being a teacher researcher is that the process involves a 
synthesis of two very different domains, teaching and researching (Atkinson, 1994) each with 
its own, and often competing set of priorities, expected outcomes and ways of working. This 
is illustrated in her diagram (Figure 2.2): 
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by i by 
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Complex quick .... .. Rational explicit 
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judgments 
Where along this line is the 
type of thinking needed for 
action research? 
Figure 2.4: The synthesis of teaching and research (Atkinson, 1994: 390) 
The roles of teacher and researcher lie within one person in practitioner research and this can 
obviously cause difficulty to determine where along the line between the two types of thought 
and actions the teacher researcher is. The type of thinking needed for action research sits 
somewhere uncomfortably between the quick intuitive judgments of the teacher and the more 
rational and explicit analysis of the researcher (Atkinson, 1994: 398). McTaggert et al (1997) 
also noted that action research was a difficult process for teachers to learn and sustain 
because of its complexity and lack of congruence with the hectic nature of life in classrooms. 
Teachers sometimes feel guilty if they have to leave their classes in the hands of a supply 
teacher. Hargreaves attributes teachers' feelings of guilt partly to a commitment to care and 
nurturance (Hargreaves, 1994: 145). I have similar issues as I am involved in the School 
Action Research Project as critical friend to the teacher researchers and teacher to all staff as 
I will be leading staff meetings on science challenges. My role will be that of an outsider (a 
university lecturer) with specific expertise to support the teachers in their professional 
development. I will also be in the school to gather data for my own research where my 
approach will have to be more structured and rigorous. I wanted the teachers to be truthful 
and not give responses that they think I would want to hear or my research will lack internal 
validity. I had to resolve these potential difficulties by visiting ARP School on a regular basis 
so all teachers accepted my presence and felt at ease when providing data for my research. 
The tensions and how the teacher researchers have resolved any problem associated with 
their different roles will be one of the features of my research when evaluating the 
effectiveness of the action research model of professional development and its impact in ARP 
School. 
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In the next chapter I will be discussing my research design and its implementation. As my 
research lies in the qualitative domain the ideas that will be discussed are: 
• the nature of qualitative research as a research paradigm; 
• case study as an approach to educational research; 
• the nature of validity, triangulation and reliability; 
• the different forms of evaluation and how they are applicable to my research; 
• how I intend to gather data; 
• negotiating access to ARP School; 
• any ethical issues which may arise; and 





This research is an evaluation of the school based Action Research Project 'Making science 
more challenging for primary children'. The Primary School in this study has thirteen teachers 
of which four were involved directly in the action research. In this chapter, I seek to justify the 
qualitative research paradigm that I have adopted to show how this is compatible with an 
evaluation. In my research, it would be inappropriate to use quantitative methods, as the 
number of teachers involved is so small, and I wish to find out what they think and feel and to 
understand their experiences. Hence my focus will be on qualitative methods of data 
collection. As only one school is involved in the project, I have used a case study approach 
or strategy. Collection of data is discussed and the methods used linked to the aims of the 
research and the research questions. 
3.2 Qualitative research 
This research lies firmly within the qualitative paradigm as it aims to understand experiences 
as nearly as possible as its participants feel it or live it (Sherman and Webb, 1988). As 
Becker (1986), noted, it is the study of people doing things together in the places where these 
things are done. Qualitative research is concerned with descriptions, explanations and theory 
development (Hammersley, 1992) whereas a quantitative researcher is generally seeking 
verification or proof of a proposition (Maykut and Morehouse, 1994). What I am not doing, 
however, is restricting the research to a description of the teachers' perspectives. I hope to 
achieve descriptions, explanations and theory development in this research. Oenzin and 
Lincoln (2000: 3) give a clear definition of qualitative research, which summarises many of the 
ideas of other writers: 
Qualitative research is a situated activity that locates the observer in the world. It 
consists of a set of interpretive, materials practices (sic) that make the world visible ... 
This means that qualitative researchers study things in their natural settings, 
attempting to make sense of, or to interpret phenomena, in terms of the meanings 
people bring to them. 
Qualitative research implies that the researcher will be examining the qualities of processes 
and meanings (Oenzin and Lincoln, 2000). In contrast, quantitative research often takes the 
opposite idea and is concerned with quantities, measured amounts, the analysis of causal 
relationships (Oenzin and Lincoln, 2000), is indirect and abstract and treats experiences as 
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similar, adding or multiplying them together (Sherman and Webb, 1988). Qualitative 
researchers are trying to understand a phenomenon in all its complexity and within a 
particular situation or environment. In the past quantitative researchers tried to eliminate all of 
the unique aspects of the environment in order to apply the results to the largest possible 
number of subjects (Maykut and Morehouse, 1994: 13). Qualitative research is rarely 
replicable and seeks to claim validity from means such as triangulation, reflexivity, rigour of 
investigation and reporting. The results cannot necessarily be generalised to other situations. 
It tends to deal with a small number of cases and aims to provide a deeper understanding of 
social phenomena (Silverman, 2001) rather than the breadth of the large sample as in 
quantitative research. Where the population under scrutiny is large, probability sampling 
(Robson, 1999; Denscombe, 1999) is a popular method used to select subjects from the 
whole population. This sampling method is often used in a quantitative research project. In 
qualitative research where numbers are small, the subjects would be selected by non-
probability sampling (Denscombe, 1999; Anderson et ai, 1994). The respondents are 
selected because of some characteristic (Patton, 1990) with a purpose in mind. In my 
research, the respondents who were the teachers form a purposive sample (Denscombe, 
1999; Robson, 1999). The important aspect of this type of sampling is the criteria used to 
select the respondents. My sample was the teachers in ARP School some of whom were 
undertaking the Action Research Project. In my research it was important for me to explore 
the range and nature of views and experiences of the teachers to enable a detailed 
exploration of my research questions (National Statistics Office, 2005). It would be 
inappropriate for me to use quantitative methods as I wished to find out what the teachers 
thought and felt and to understand their experiences. Hence my focus will be on qualitative 
methods of data collection. 
3.3 Case studies 
Case study is one approach to educational research. As Stake (1994) indicated, a case 
study is driven by interest in what can be learnt from individual cases rather than generalising 
beyond. A case study is best judged by the extent to which other teachers working in similar 
situations can make decisions about their own practice based on the evidence presented to 
them. The relatability of the case study is more important than its generalisability (8assey, 
1981: 85). As Stake (1995) suggested, case studies often provide data which readers can 
empathise with and relate to their own experiences. This facilitates a greater understanding 
of the phenomenon. Robson (1999: 5) defined case study as: 
... a strategy for doing research which involves an empirical investigation of a 
particular phenomenon within its real life context using multiple sources of evidence. 
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In my research, I have investigated the phenomenon of a school-based action research 
project and its impact on a group of teachers in one school. Data were collected using a 
number of methods, for example, interviews and questionnaires. For these reasons, I have 
used a case study approach in this research. As Hitchcock and Hughes (1995) indicated, a 
case study should focus on groups of actors and their perception. The advantage of a case 
study approach is that it allows the researcher to deal with the subtleties and intricacies of 
complex social situations (Denscombe, 1999: 39). In my research, the case under 
investigation is a group of teacher researchers who are hoping to make science teaching 
more challenging, especially for the gifted children, by the process of Action Research. This 
is clearly a complex social situation. A case study incorporates a chain of evidence, which 
allows for different perspectives and opportunities to corroborate findings which enhances the 
validity of the data (Denscombe, 1999: 85). Here, the chain of evidence involved the 
teachers' perceptions and ideas as the teacher-researchers carried out the Action Research 
Project. 
3.4 Validity, triangulation and reliability 
Case study is regarded as a triangulated research strategy (Tellis, 1997). The process of 
articulation and triangulation of the findings help to check the analysis for validity and give 
evidence to support particular explanations (McNiff et. ai, 1996; Cohen and Manion, 1994). In 
research terms, data are internally valid if they reflect the truth and reality of the situation 
being studied (Denscombe, 1999) and an accurate picture of what is claimed is being 
described (Hitchcock and Hughes, 1995: 105). Triangulation has its origins in the 
triangulation techniques used by sailors to determine their location when out at sea. 
Triangulation in research attempts to explain what is happening by studying the focus of the 
research from more than one standpoint (Cohen and Manion, 1994). Triangulation can 
increase the claim to validity of data if similar findings about the same research focus come 
from different perspectives or from different methods. Triangulation can give some 
confidence to the interpretation of the meaning of the data. Each method of data collection or 
account from different actors using the same method will give a distinct perspective 
(Denscombe, 1999: 84) and can be used as a means of comparing and contrasting different 
views and interpretations, see for example Cohen and Manion, (1994). Triangulation is not 
without its problems, as Hammersley and Atkinson (1983: 199) point out: 
One should not adopt a naively 'optimistic' view that the aggregation of data from 
different sources will unproblematically add up to produce a more complex picture. 
Hammersley and Atkinson (1983) do not suggest that researchers should avoid generating 
data in a number of ways but point to the issue of deciding which account is correct if there 
are discrepancies emerging in the data. Data from various sources should not be given 
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different values or judged to be of greater worth. Tooley and Darby (1998: 43), in their 
criticism of qualitative research, reported that many articles they had examined showed a lack 
of triangulation. By gathering data from the perspectives of different teacher researchers I , 
hope to validate my research and avoid this criticism. Triangulation will enhance the 
explanatory validity (Hitchcock and Hughes, 1995) as analysis of the data will be justified by 
evidence collected by a variety of methods and/or from different teacher researchers' 
perspectives. The findings of my research will be taken back to the teacher researchers. 
They will then be able to verify (or not) my findings. This is a second way to support the 
validity of the research finding and is called respondent validity (Silverman, 2001). In my 
research, reliability will come through the development and use of different research 
instruments (and trialling them before use to try to reduce bias) and, for example, in a similar 
way to respondent validity, by providing interviewees with a transcript of their interview and an 
analysis of my conclusions for checking. The teachers will be able to give their perspectives 
on the data and have clear input into the way the research is progressing. This will mean that 
data collection and analysis are intertwined (Robson, 1999: 18). 
3.5 Evaluation 
In my research, I will be examining and evaluating both the products of the action research 
and the process of action research. The aims of the investigation are therefore: 
• to examine the success criteria of the action research project and see if they have 
been met; and' 
• to evaluate the effectiveness of action research as a means of professional 
development and hence school improvement in the context of this project. 
Scriven (1991: 139) defined evaluation as the process of determining the merit, worth, or 
value of something, or the product of that process. Evaluation is clearly value-oriented. As 
Eisner (1985: 4) indicated, without the notion of worth we cannot evaluate anything, we can 
only test or measure. Value judgements are made at every step of the process; defining the 
criteria or objectives, collecting data and in particular putting the two together (Harlen, 1994). 
This research project actually involves both parts of this definition as I am examining both the 
process and the product of the action research carried out in ARP School. Robson (1999: 
170) indicated that evaluation is not a separate research approach but only the purpose of 
some kind of research: 
The purpose . .. is to assess the effects and effectiveness of something, typically some 
innovation or intervention ... 
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Qualitative approaches to evaluation merged in the 1970s (Greene, 2000). At first, 
interpretive philosophies and qualitative approaches were initially contested on both 
methodological and practical grounds, but qualitative approaches eventually took root 
(Greene, 2000). Chambers (2000) described this as applied ethnography as it involves 
making decisions about the possible consequences of the implementation of changes. 
Fetterman (1984, 1988, and 1994) indicated that it was possible to link a qualitative approach 
to evaluation when he introduced the concept of ethnographic educational evaluation. 
Fetterman (1988) also disputed the myth that ethnography is concerned exclusively with the 
qualitative domain and educational evaluation with the quantitative paradigm and suggested 
that there was no conflict in linking the two ideas together. 
Fetterman (1984) saw ethnographic educational evaluation as a hybrid of ethnography and 
traditional evaluation. It is the process of applying ethnographic techniques to the concept of 
educational evaluation. Robson (1999) indicated that ethnography is an exploratory process, 
which aims to develop a theory about how participants accomplish the various actions taking 
place in the group. The group that I am concerned with are the teacher researchers, their 
actions and their action research project. The key elements of the ethnographic educational 
evaluation approach are the use of key informants (the teacher researchers), informal and 
semi-structured interviews and triangulation, but the ultimate aim is still associated with 
evaluation not ethnographies (Fetterman, 1994). The ethnographic method is suitable for a 
detailed examination of a small group within a complex setting. In my research the teacher 
researchers involved in the Action Research Project are the 'small group'. Its strength is that 
it is naturalistic. As a method, it studies groups and individuals in their natural setting which is 
ARP School. My research is therefore best described as an evaluative case study. 
Evaluators do not just claim to know about something, they claim to know how good it is from 
selected vantage points (Greene, 2000). It is one type of applied research. It highlights 
issues to do with change. Evaluation is essentially indistinguishable from other research in 
terms of design, data collection techniques and methods of analysis (Robson, 2000). As 
most evaluations are concerned with effectiveness and appropriateness of an innovation or 
programme in a specific setting i.e. a case rather than a sample, it makes case study strategy 
appropriate for many evaluations (Robson, 1999). Hitchcock and Hughes (1995) state that a 
case study should focus on a particular actor or groups of actors and their perceptions. The 
concern is with the rich and vivid description of events within the case. 
The Evaluation Research Society (1980) cited in Robson (1999: 177) in America produced a 
categorization of types of evaluation, which covered the purpose, and the kind of activity 
stressed in the evaluation. 
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Table 3.1: Types of evaluation 
Type of evaluation Kind of activity 
Front-end analysis Takes place before programme starts, to provide guidance in its 
(Pre-installation, context, planning and implementation 
feasibility analysis) 
Evaluability assessment Assesses feasibility of evaluation approaches and methods 
Formative evaluation Provides information for programme improvement, modification 
(developmental, and management 
process) 
Impact evaluation Determines programme results and effectiveness, especially for 
(summative, outcome, deciding about programme continuation, expansion, reduction, 
effectiveness) funding 
Programme monitoring Checks for compliance with policy, tracking of services delivered, 
counting of clients 
Evaluation of evaluation Critique of evaluation reports, re-analysis of data, external 
(secondary evaluation, reviews of internal evaluations 
meta-evaluation, 
evaluation audit) 
(Evaluation Research Society, 1980: 3-4 cited in Robson, 1999: 177) 
The first part of my research could be described as a secondary evaluation concentrating on 
the effect, effectiveness and value of the Action Research Project (Evaluation Research 
Society, 1980 cited in Robson, 1999; Robson, 1999; Robson, 2000) because the focus is on 
the results and effectiveness of the action research project (see Chapter 2 for a discussion of 
action research). Action research has a number of key processes; observation, planning, 
reflection and implementation. Action research for the teacher researchers in ARP School 
involved them in evaluating the teaching and learning opportunities that were put into place as 
a result of their action research project to make science more challenging, particularly for 
gifted children. In my research, I will be evaluating this evaluation. Within this category of 
secondary evaluation there are more specific evaluative activities, including criterion-
referenced evaluation which examines the extent to which specific objectives have been 
achieved at the desired level of attainment (Robson, 1999: 178). This part of my research fits 
more into the research design associated with the democratic model of evaluation (Hopkins, 
1989) as the teacher researchers will be participating and collaborating in the research. They 
will be assessing the impact of the action research project, as part of the action research 
cycle. This will involve an evaluation of data to find out if science teaching has become more 
challenging. It is intended that the teacher researchers will take control of all aspects of the 
action research (Robson, 2000) including this crucial evaluation. However, my status as a 
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lecturer in science education may have an influence on the teacher researchers. The 
teachers may look to me to validate, justify and corroborate their findings. I will be examining 
this in the second part of my research (Chapter 5) where I look at the roles of the different 
stakeholders in the School Action Research Project. My role in the School Action Research 
Project should be that of a consultant aSSisting the teacher researchers and not acting as 
their director. The teachers will be co-researchers acting as partners, all with an active 
involvement. 
The second section of my research, which is an evaluation of an action research project as a 
model of staff development, takes a more interpretive approach (Greene, 2000). This 
involved all of the teachers in ARP School who could be assigned to one of two categories: 
• the teacher researchers - the four teachers who carried out the action research 
project and utilised the key processes of observation, planning, reflection and 
implementation; 
• the other nine teachers who were mainly involved in implementing the findings of 
the action research with some reflection on ideas for challenging science 
activities developed during the action research project by the four teacher 
researchers. 
I wish to examine how the four teacher researchers experienced the action research strategy. 
Sherman and Webb (1988) describe this as illuminative evaluation. The focus is on the 
collection of data from all of the teacher researchers, who undertook the Action Research 
Project, in order to evaluate the effect of the innovation, in this case, the process of carrying 
out the Action Research Project. The evaluation will therefore examine the process of action 
research as a model for staff development (Hitchcock and Hughes, 1995). The research 
design will be more bureaucratic (Hopkins, 1989) with teacher researchers and other teachers 
the subject of the research, not co-researchers. The teacher researchers will therefore take a 
more passive role. 
3.6 Collection and selection of data 
In order to discuss the collection and selection of data my research questions need to be 
examined. These are: 
1. To what extent were the expected outcomes and success criteria of the action 
research project achievable within the time scale? 
2. How effective is action research as a means of professional development? 
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In order to come to conclusions about both questions data were collected from multiple 
sources (Robson, 1999) to give an in-depth insight (see table 3.2). 
Table 3.2: Linking research strategy with research questions 
Research Activity 
Brainstorming, with TRs using nominal group technique: 
• What is educational research? 
• What are the advantages/disadvantages of educational research as a means of staff 
development? 
• What are the roles of 'insiders' and 'outsiders' in educational research? 
Interview TRs to examine (Interview 1): 
• their role in the action research project and the roles of other; stakeholders in the 
research; 
• the need for the action research project; 
• tensions or conflicts that have arisen concerning their roles as teachers and researchers. 
Examine the data from the Action Research Project to see if the success criteria of the project 
have been met. 
Interview TRs + OTs to determine if (Interview 2): 
• they perceive that their science teaching has improved/altered during the year and in 
what ways; 
• they feel more confident about challenging children in their science teaching; 
• children have become more motivated and excited by science; 
• they feel that attainments in science have improved as a result of the action research 
project; 
• they are now challenging gifted children in science. 
Interview TRs to examine (Interview 3): 
• if action research was seen to be an effective means of staff development; 
• if they have become more reflective practitioners as a result of the Action Research 
Project; 
• if any tensions or conflicts have arisen and if they have, have they been successfully 
resolved; 
• if perceptions of education research, as an effective means of staff development, have 
changed during the year; 
• if any tensions, conflicts or ethical issues have emerged during the research year. 
Interview TRs to discuss (Interview 4): 
• 
• 
if the success criteria of the Action Research Project have been met; 
if the success criteria of the Action Research Project were realistic . 
TR - teacher researchers 
















As Denscombe (1999: 39) suggests in his description of qualitative research, the study 
reported here tries to capture the complex reality under scrutiny. Data based on personal 
58 
opinion can tend to be unreliable (Anderson et ai, 1994) but refinement of research tools and 
data from different actors can increase consistency and reduce this problem. Collection of 
data from a range of sources and perspectives allows for triangulation and helps to establish 
validity (Denscombe, 1999; Anderson et ai, 1994) and corroborate findings. As can be seen 
in Table 3.2, the main source of data used to address the first research question was 
information from the teacher researchers' Action Research Project (for example Appendix 1 
has a timeline for the Action Research Project, Appendix 3 shows a copy of the teacher 
researchers' lesson observation schedule and Appendix 5 has a blank lesson planning 
proforma) the dissemination reports they had written and interviews with all of the teachers at 
ARP School. When working with the teacher researchers to examine the second research 
question, interviews and nominal group technique (Delbecq, et ai, 1975) were designed to 
elicit their ideas, understanding and perceptions (see Appendix 4 for an example of an 
interview transcript with one of the teacher researchers). The aim of each of these methods 
was to determine teachers' and teacher researchers' beliefs and perceptions. Each method 
therefore had a semi-structured or unstructured format. A criticism of structured data 
collection methods has been that the data collected suffer from procedural reactivity 
(Hammersley, 1979). For example, a procedure which used structured questionnaires or 
interviews to collect data may distort or bias what the teachers in my study believed by giving 
unintended cues that guide them to give answers that they think I expect. I hoped to avoid 
procedural reactivity by using semi-structured or unstructured formats. Teachers were given 
opportunities to respond to questions in detail and depth to 'speak' for themselves with little 
direction. The objective was to understand what the teachers' perceptions were, to provide 
answers to my questions as well as reasons for their opinions and not pre-judge what is and 
is not important information. 
If the data to be collected were likely to be uncomplicated and straight-forward (Denscombe, 
1999), with little need for me to follow up ideas with prompts I used an open-ended 
questionnaire. A questionnaire was chosen for initial data collection because it would be 
relatively easy to contact all of the teaching staff as I visited ARP School on a regular basis to 
support the teacher researchers and carry out my role as tutor visiting initial teacher training 
(In) students on their school placements. As teachers are very busy with little time to spare 
this meant they could answer the questions at their leisure. At the initial meeting with the 
teacher researchers they brainstormed their ideas concerning the nature of education 
research. I then used nominal group technique (Delbecq, et ai, 1975) to examine their 
perceptions of the advantages and disadvantages of educational research as a means of staff 
development and the roles of each person involved in the research process. It is initially 
similar to brainstorming, as it requires the recording of ideas without evaluating them. Ideas 
are then listed and clarified and finally evaluated and put into an agreed order of Significance. 
The teachers discussed the data, which allowed tentative categorisations to emerge. The 
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method that I used to gather most data, however, was the interview (see Table 3.2). 
Interviews were carried out within the natural settings of the teachers' own school (Hitchcock 
and Hughes, 1995). A number of semi-structured interview schedules were devised. As I was 
a regular visitor to ARP School and known by all of the staff, I was able to set up time tables 
to gather data from all of the teachers on some occasions and just the teacher researchers at 
other times during the school day. A semi-structured interview format was devised because it 
would give me the opportunity to develop further questions, to probe for details and clarify 
ideas and issues raised and facilitate and encourage a two-way communication. It would also 
provide for greater opportunities for probing new or unexpected areas. Questions were 
carefully selected and tria lied with colleagues at Oxford Brookes University and then modified 
before being used with the interviewees. This procedure was adopted to try to ensure that 
the research questions could be addressed, and to try to eliminate ambiguity in the questions. 
I was the only one involved in the carrying out the interviews, which should have reduced the 
variability in data collection to some extent (Robson, 1999). It has been argued, however, 
that there is more chance of bias when only one interviewer is involved (Cohen and Manion, 
1994). Hammersley and Gomm, (1997) noted that once a particular interpretation, 
explanation or theory had been developed by a researcher he or she may tend to interpret 
data in terms of it, be on the look out for data that would confirm it, or even shape the data 
production process in ways that lead to error. This can arise in research through the 
questions asked in an interview, or as a result of the way they are asked (Oppenheim, 1966). 
I tried to eliminate this bias by planning the following precautions into the interview process 






I did not discuss the topic of the interview before it started; 
I gave the same explanation to each of the interviewees to try to eliminate other 
information which might contaminate their responses; 
I tried to develop an atmosphere of rapport and trust; 
I tried to be open minded and relaxed; 
I triangulated the responses by giving transcripts and conclusions back to the 
interviewees so I and they could check the data. 
I found it very difficult to write down responses during an interview and keep the atmosphere 
relaxed or respond to answers with follow up questions to clarify ideas. For these reasons, 
and with agreement of the interviewees, I recorded the interviews onto audiotape. This 
allowed me to check for bias or misinterpretation of responses (Opie, 2004) and eliminate the 
possibility of perceiving responses that overlooked or distorted the data (Gall et ai, 2005) or 
presenting results that were in line with any of my prejudgements (Hammersley and Gomm, 
1997). 
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3.7 Negotiating access 
There were two research projects taking place in ARP School at the same time; the action 
research project being carried out by the teacher researchers, in which I was involved as 
mentor and as well as collaborator, and my evaluative research. Both projects involved me in 
visiting ARP School on a regular basis which meant that I became well known to the staff and 
was not seen as a total outsider coming in to carry out research on the school. I had 
organised staff meetings and supported teachers in their development of more challenging 
science teaching. I hope this informal relationship facilitated trust between the teachers and 
me and between the teacher researchers and me. At first, I discussed my study with the 
head teacher going through an outline of what I wished to do. This was then shared with the 
whole staff. I felt that this approach helped to solve the problem of access. In order for me to 
carry out my own research I needed the 'gatekeepers' (Oenscombe, 1999) not to see me as 
such an outsider carrying out research on them even though it could be argued that I was 
actually doing this. It would allow me to get closer to the actors' perspective (Oenzin and 
Lincoln, 2000); to find out what they really thought. 
3.8 Ethical issues 
Bassey (1995: 15) suggests three ethical values which should underpin research, respect for 
the person; respect for the truth: and respect for democratic values. The first of these basic 
ethical principles indicates that no harm should come to the participants in a research project 
(Oppenheim, 1997). This can be achieved by negotiating access with participants and 
promising confidentiality (McNiff et ai, 1996). This could however lead to tensions for the 
group of teacher researchers in a number of significant ways. They are involved in two very 
demanding roles, teacher and researcher, which might lead, for example, to conflicts of time 
and commitment between the education role of the teachers and the research role of the 
teachers. Some data might be seen to be critical of colleagues, and in a small school setting 
it is relatively easy for these individuals to be identified. The other teachers, who were not 
teacher researchers, may even feel they are being judged by the action research. Thus 
access to data by teacher researchers may lead them to abandoning or watering down some 
findings to protect the professional life of colleagues and themselves. This, then, potentially 
brings into conflict Bassey's (1995) first two principles. By telling the truth we may be harming 
the individual teacher. The strength of action research, however, is that it is designed to 
make things better (Macintyre, 2000) and that effective change in practice is only possible in 
co-operation with all the participants (Altrichter et ai, 1993). However, in the Primary School 
under investigation, only four teachers were fully involved in the Action Research Project and 
the other nine mainly involved in implementing the findings. It was hoped that the Action 
Research Project would make an impact in all classes and that science will become more 
challenging for the gifted children in each of these classes. As Stenhouse (1975) indicated, 
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the control over the changes resulting from the research is in the hands of those who have to 
implement them. This may go some way to solve the ethical problem for the teacher 
researchers, and will also be part of my research. (See Research Questions, Section 3.5) 
3.9 Analysis and presentation of data 
In the analysis phase of the research the emphasis was on interpreting and coding the data 
by what Arksey and Knight (1999: 163) described as producing some manageable, 
systematic guide. This approach to analysing qualitative data is described by Maykut and 
Morehouse (1994: 123) as interpretive-descriptive. My concern was to accurately describe 
what I have understood and to restructure the data into a recognisable reality (Strauss and 
Corbin, 1990: 20) for the teachers in the ARP School. This approach to data analysis 
requires some selection and interpretation of data (Maykut and Morehouse, 1994). The data 
analysis was undertaken by the constant comparative method (Glaser and Strauss, 1967). 
The aims of my research were: 
• to examine the success criteria of the action research project and see if they have 
been met; and 
• to evaluate the effectiveness of action research as a means of professional 
development and hence school improvement in the context of this project. 
To achieve these aims I had to analyse and interpret data from a number of sources, which 
included the data from the School Action Research Project and data collected specifically for 
my research purposes. This was to ensure that my descriptions were grounded in the reality 
(Denscombe, 1999) of the experiences of the teachers and teacher researchers in ARP 
School. To do this I had to treat the evidence fairly and without bias (Robson, 1999: 372). 
There were a number of steps involved in this method of analysis: 
1. Interviews were transcribed and returned to interviewees for checking and 
modification where necessary. 
2. Interview transcripts, questionnaires, notes from the nominal group technique 
session and information from the Action Research Project were read to identify 
aspects which may be significant. 
3. Segments of data from each part of the whole record were clustered together under 
common themes related to each research question. 
4. Once tentative themes or categories emerged, other data were examined and 
compared to confirm, extend or refine the existing ideas. 
5. If data emerged that did not fit into a theme or category a new theme was formed. 
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6. Refinement of ideas was continuous; initial themes or categories were changed, 
merged or omitted; new categories were generated, and new relationships 
discovered (Goertz and LeCompte, 1981 cited in Maykut and Morehouse 1994). 
7. Extracts from data were included in the report to contextualise the data. Care was 
taken to ensure that the views of all of the teachers and teacher researchers were 
represented equally in order to avoid a particular bias. 
8. A composite summary of the essence of the phenomenon being investigated 
(Hycner, 1985: 296) was then written to explore how the findings related to my 
original research questions. 
A brief description of analysed data associated with the different roles of stakeholders in the 
Action Research Project should illustrate the steps taken in my analysis. Data from the 
nominal group technique (Delbecq, et ai, 1975) session were coded and used to develop 
tentative categories for the roles of the teacher researchers, the other teachers and myself. 
These categories were used to develop an interview schedule which was utilised near the 
start and end of the Action Research Project (see Appendix 4 for transcript of an interview 
with one of the teacher researchers). This was a process of deductive analysis as I was 
incorporating and building on earlier theoretical input provided by the nominal group 
technique session. Once the interviews had been transcribed they were returned to the 
teacher researchers for checking and amending as necessary. When all of the data had been 
collected I was able to finalise my category system of roles. I made sure that my categories 
included every data segment and were mutually exclusive; they were internally homogenous 
and externally heterogeneous. These categories were then checked by the teacher 
researchers to ensure that they thought the descriptions and ideas were correct. Once I had 
an acceptable description of my data categories I could begin the analysis and interpretation 
to look for meanings, make inferences and show how the data linked to theoretical ideas 
concerning action research. 
A second more complex system for data analysis involved the first part of my research 
concentrating on the effect, effectiveness and value of the Action Research Project. There 
were two sources of data for this research; the teacher researchers' own data from their 
Action Research Project and my interviews with all of the teachers in the school at the end of 
the Action Research Project. In my role as critical friend to the teacher researchers, I helped 
them to describe and analyse their data from interviews, questionnaires, observation of 
teaching (see Appendix 3 for their observation schedule), examination of teachers' planning 
(see Appendix 5 for the lesson planning proforma), as well as notes from staff and year group 
meetings. As they were engaged in action research the teacher researchers always had their 
success criteria as a focus (see Chapter 1, section 1.5) for any analysis. My own research 
examined the extent to which the expected outcomes and success criteria of the Action 
Research Project were achieved within the time scale. In order to accomplish this I collected 
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the teacher researchers' data and their analysis and used this to develop my own interview 
schedule (see Appendix 2 for interview times). Once these interviews were transcribed, each 
transcript was given back to the teacher concerned to allow her to amend and change as she 
felt necessary. This process of triangulating the teacher researchers' data with interview data 
allowed me to validate the teacher researchers' findings. Again, I was engaged in deductive 
analysis as I was incorporating and building on the conclusions and analysis carried out by 
the teacher researchers. 
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Chapter 4 
The effect of the Action Research Project 
4.1 Introduction 
This chapter describes a secondary evaluation that concentrates on the effect, effectiveness 
and value of the Action Research Project (Evaluation Research Society, 1980; cited in 
Robson, 1999; Robson, 2000) which the teacher-researchers carried out in ARP School. 
Action Research for the teacher researchers in ARP School involved them in evaluating the 
teaching and learning opportunities that were put into place as a result of their Action 
Research Project to make science more challenging, particularly for gifted children. Data 
were derived from all of the teachers in ARP School. The analysis and discussion in this 
chapter are related to research question 1 and the three sub-questions: 
1 To what extent were the expected outcomes and success criteria of the Action 
Research Project achievable in the time scale? 
1.1 Did the teachers become more confident in their ability to challenge 
children in their science lessons? 
1.2 Did teachers' planning and teaching include ideas for providing 
additional challenge particularly for scientifically gifted children? 
1.3 Did pupils develop a more positive attitude to science and feel more 
challenged? 
To facilitate answers to these sub-questions I will now discuss the audit of teachers' 
perceptions at the start of the Action Research Project, the interventions that the teacher 
researchers put into place to address any issues that arose during the initial audit, and finally 
the impact of the interventions. The teacher researcher will be identified as 'TRs' and the 
teachers 'Ts'. 
4.2 Teachers' confidence in their ability to challenge children in science activities 
One of the key success criteria of the Action Research Project was an increase in the 
confidence of teachers to challenge children, particularly the gifted. The teacher researchers 
felt that other outcomes could only be achieved if this happened. It was therefore decided to 
interview teachers early in the project to investigate their initial feelings and identify the factors 
that might affect their confidence. This process was repeated at the end of the project to 
determine whether or not teachers had become more confident during the year. 
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Effective teachers of gifted children need to have a good knowledge and understanding of 
their subject (Maker and Nielson, 1995), and need to be confident when applying this 
knowledge in the classroom (Education and Employment Committee, 1999). HMI (1992) 
reviewed the education of gifted pupils and identified a variety of factors associated with these 
pupils achieving a high standard of work. One of the factors was the teachers' deep 
understanding of the subject matter they were teaching (see DfEE, 1998b; Harlen, 1997a; 
Osborne & Simon, 1996; Shulman, 1987; Summers, 1994; TTA, 2002). This is not simply to 
convey information to children but to have the confidence to ask children questions which 
allow them to reveal, develop and reflect on their ideas. Teachers with relevant scientific 
understanding can provide relevant sources of information and identify the next steps that will 
allow children to progress in their own understanding (Harlen, 1996: 335). Alexander et al. 
(1992) argued that effective teaching depends on the successful combination of knowledge, 
understanding and skills. When these are combined, they should provide pupils with 
maximum opportunity to learn (Silcock, 1993: 13). Carre (1998) found that many primary 
teachers do not have a science background and are concerned about knowing 'right 
answers'. Symington (1980) found that teachers who lacked confidence to teach science 
tended to use teaching strategies which allowed them to maintain control of the classroom 
knowledge flow, but which were not appropriate ways of engaging pupils in science. These 
teachers underplay questioning and discussion and limit practical work to investigations that 
are very simple (Harlen, 1996; Harlen and Holroyd, 1997). This would mean not giving 
children the freedom to explore for themselves and possibly arriving at answers that the 
teacher does not know or understand. Teachers who are enthusiastic about a subject, 
however, are more likely to recognise the need to challenge gifted pupils (Carlisle and 
Phillips, 1984 cited in Parson, 2001; Gross Davis, 1993; QCA, 2001 a). This has clear 
implications for the science teaching in ARP School. The teacher researchers hoped to 
address the lack of confidence amongst the teachers in ARP School by supporting them in 
the following ways: 
• A number of in-service sessions, which I taught, with a focus on challenging the gifted 
child. Among other ideas, help was given with questioning, grouping for investigations 
and recording using quantitative and qualitative data and graphs. 
• The LEA has a team of science advisors whose role is to support teachers in making 
their science teaching more effective. The Team visited Key Stage 1 and Key Stage 2 
classes to teach demonstration lessons, to give teachers ideas for questioning, 
challenge, differentiation, and show how different types of resources could be used to 
stimulate the children. 
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• The teacher researchers observed teachers, recognised as being effective in science 
teaching, within other schools. This provided an opportunity for the teacher 
researchers to discuss planning and observe challenging science being taught. 
• An audit of resources was undertaken and advice taken from the LEA Science 
Advisory Team to look at and order different types of resources, including ICT. 
Acting on the advice of the Science Advisory Team, the staff looked at New Star 
Science (Feasey et aI., 2001) and following discussion and approval by the head 
teacher the school purchased the scheme. This scheme was selected as it has clear 
links with the QCA Schemes of Work (QCNDfES, 2000), and provided guidance for 
challenging activities, as well as assessment of children's learning and background 
information for teachers on the science topic being taught. (The New Star Science 
Scheme splits the science National Curriculum (DfEE/QCA, 1999a) into units of work, 
which are appropriate for each year group. The units are arranged so that scientific 
topics are addressed on a regular basis allowing for progression in children's 
understanding of the concepts involved.) All of the teachers were asked to trial and 
evaluate the scheme. The science coordinator highlighted specific aspects of the 
scheme including progression, assessment and subject information for teachers. 
• A new lesson-planning sheet was developed with an enlarged format to allow space 
for questions, vocabulary and differentiation. Teachers used these to develop and 
teach more challenging science lessons. 
• A number of staff meetings were organised. These focused on discussion, the 
evaluation of resources, planning, and training needs. 
4.2.1 What impact did the interventions have on the teachers' confidence? 
At the end of the project, the teacher researchers were convinced that most of the teachers in 
ARP School felt more confident about their science teaching. This was exemplified by TR1 
who noted how her increased confidence had positively impacted on her science teaching. 
She summarised her thoughts for the year and what she had achieved when she stated: 
What we're looking for, is to make science interesting, fun and challenging 
(Interview 1: TR1) 
The teacher researchers thought that the interventions had therefore been successful and 
were seen to be directly related to this increased confidence. The introduction of the science 
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scheme New Star Science (Feasey et ai, 2001) and the staff meetings were seen by most 
teachers to be the most helpful interventions in extending and reinforcing their science 
knowledge and understanding. The increase in knowledge and understanding had impacted 
in a positive manner on science teaching which was seen by most teachers to be more 
challenging. T5 went on to indicate that her science teaching had improved as a direct result 
of her increased confidence, and T8 made the direct link between an improvement in her 
confidence and a more challenging approach to her science teaching. T7 suggested that 
although all of the interventions had helped to increase her confidence, the important 
message for her was that the interventions clarified and supported ideas that the teachers 
already had about science teaching. One intervention that was specifically commented on by 
a number of teachers was the visit from members of the LEA Advisory Team to teach 
lessons, whilst being observed by class teachers. After watching the lessons, T12 seemed to 
realise that developing challenging science was not as difficult as she thought: 
.. . they did the investigations from shadows, I thought ... I could have managed that. 
(Interview 2: T12) 
Not all of the teachers were so positive, T1 felt more secure in her teaching but still thought 
she did not have enough confidence to tryout new things and explore different teaching 
techniques and to increase the level of challenge. 
A major outlay for ARP School had been the purchasing of New Star Science (Feasey et ai, 
2001). It was hoped that this would allow the teachers to implement the 'acting' part of the 
action research cycle (Lewin, 1946; Kemmis and McTaggert, 2000; Zuber-Skerritt, 1995; see 
Chapter 2 for a discussion of action research and Appendix 1 which shows the two action 
research cycles involved in ARP School's Action Research Project). The teacher 
researchers were particularly interested in the impact this might have had on teachers' 
confidence. The teacher researchers would be engaged in observing and reflecting; two 
further aspects of the action research cycle (Lewin, 1946; Kemmis and McTaggert, 2000; 
Zuber-Skerritt, 1995). Eleven members of staff indicated that New Star Science (Feasey et 
ai, 2001) had helped their confidence to some extent. It was seen to be a source of 
information for both teachers and pupils and therefore an aid to teachers' subject and 
pedagogical subject knowledge. T1 summed up the feelings of many of her colleagues on the 
issue of subject knowledge when she stated: 
I'm sure some people whose knowledge is good think, 'Why on Earth are they putting 
this in?' but from my point of view it's very useful. 
(Interview 2: T1) 
68 
The Teachers' Guide to New Star Science (Feasey et al 2001) 
, was seen as a clear source of 
information for teachers who were unsure about some aspect of . t·f· k sClen I IC nowledge 
(Interview 2: T2) and gave details of science that teachers needed to know. T12 went on to 
develop this idea further when she noted that New Star Science (Feasey et ai, 2001): 
... backs up what I thought needed to be covered in that unit and just filled in any gaps 
and showed how children's knowledge should progress. 
(Interview 2: T12) 
The scheme also helped with the organisation of science teaching by giving ideas for 
teaching activities and through this helped to increase teachers' confidence. Teachers did not 
tend to use the scheme as a whole but as a basis from which to develop their own ideas to 
support their teaching, and, in particular, to develop questions that were more challenging. 
For example, T10 particularly made use of the teachers' guide and skills sheets which dealt 
with aspects of scientific investigations. 
More than half of the teachers indicated that they felt more positive about science at the end 
of the Action Research Project. TR1 illustrates this when she said: 
I really enjoy it (science). I want the children to get stuck in and get going. 
(Interview 2: TR1) 
T5 admitted that she had not been looking forward to teaching some science topics, and 
thought that she would not enjoy teaching them. But, when she started teaching, she found 
this was not the case as her new found confidence meant that her teaching had been better 
than she had anticipated. This positive attitude was reflected in the way teachers now 
approached their science teaching. T9 exemplified this when she noted that she now read 
more around topics before teaching them, looked for different resources to support and 
extend her teaching, and talked more with her colleagues about how to approach the teaching 
of particular topics. She now felt confident enough to allow children to explore their own ideas, 
even when she was unsure of the outcome of the science involved. She was happy to say to 
the children that she was not sure about the science, but would carry out her own research to 
fill in her knowledge gaps and then feed this back to her class. The teacher researchers were 
sure that most of the teachers would not have been confident to do this at the start of the 
Project. T2, however, gave a contrasting view. Lack of subject knowledge in the physical 
SCiences, particularly forces, gravity and friction (what she saw as the harder science topics), 
was still an issue for her. She was concerned still about children asking questions where her 
knowledge was a bit weak because her answers were not precise nor clear enough (Interview 
2: T2). As Traianou (2006: 1) noted subject knowledge is: 
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a major component of teachers' expertise, one that underpins the ways in which 
teachers help children to develop understanding of content of science as well as their 
ability to inquire. 
There has been a clear focus on literacy and numeracy in primary schools over the last few 
years, which the teacher researchers thought had been to the detriment of science. A 
significant number of teachers suggested that science had become more high profile during 
the course of the Action Research Project. TR2 thought that the staff meetings had played a 
major role in this because they gave teachers time to discuss planning, resources, knowledge 
and understanding and to share good practice. As T1 indicated, the teachers were thinking 
more, talking more, and putting more effort into their science teaching (Interview 2: T1). She 
concluded that this was one of the major influences on teachers becoming more confident. 
The research findings in this section would therefore seem to have congruence with findings 
in the United States which suggested that primary teachers needed regular updates to their 
content and pedagogical scientific knowledge to enhance children's learning (NARST NEWS, 
2001: 1). 
This, however, contrasted with TR3 who thought that she was not putting any more effort into 
her teaching, nor had it change significantly. Rather, she was thinking more about the 
reasons for teaching in a certain way, and this was influencing the children's learning. This is 
a clear example of a paradigm shift in the thinking of the teacher researcher. TR3 was 
engaged in double-loop learning (Argyris and Schon, 1974) as she was questioning her 
norms, values and underlying beliefs. She was confident that her theory-in-use did not need 
to change but through the Action Research Project it had become congruent with her 
espoused theory. 
4.3 Teachers' planning and teaching to providing additional challenge particularly for 
scientifically gifted children 
In this section I have examined the teachers' planning and teaching at the end of the Action 
Research Project to determine if it included ideas for providing additional challenge 
particularly for scientifically gifted children. As a result of the initial audit, the teacher 
researchers felt that the following needed to be addressed to develop the science teaching 
and make it more challenging for scientifically gifted children. 
1 Teachers needed to be more flexible with the timetable, blocking time, in order that 
children could finish experiments and reflect on their work. 
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2 Teachers needed to spend more time planning, focusing on ways to challenge the 
children in their class. In order to address the lack of cross-curricular links, different 
activities were planned incorporating science and literacy. The research team discussed 
the important elements in planning necessary to improve teaching. A format for an 
activity planning sheet was developed which included the following elements: 
• clear learning objectives; 







introductions which include more challenging questions; 
space available to record differentiated activities· , 
plenary; 
homework if applicable; 
evaluation. 
3 Staff meetings and INSET should be organised in order to address issues concerning 
identification of gifted children in science, differentiation, planning challenging activities, 
using resources in the classroom and the use of effective questioning. 
4 The key issue of time management needed to be resolved. The teacher researchers 
decided to address this issue by teaching science in larger less frequent blocks of time 
so that an investigation and other activities could be carried through to a finish in one 
session. Extra small amounts of time would be utilised to reinforce key concepts or 
vocabulary. They would also investigate the introduction of science links with other 
subjects. 
4.3.1 What impact did the interventions have on the teachers' planning and teaching? 
One of the key aims of the Action Research Project was for teaching to include additional 
challenge, particularly for scientifically gifted children. This could only be done by 
differentiation of some sort. At the end of the project, all of the teachers indicated that they 
were aware of the need to challenge the gifted children, but had applied this to differing 
degrees in their science teaching. T 4 indicated that there had been a real impact on her 
teaching which she thought was now more challenging, whereas T1 thought she had not 
changed her teaching style, but she did feel more positive about science teaching. 
There was a belief amongst the teachers that scientifically gifted children had the capacity to 
learn more quickly and at a more complex level than their class mates (Freeman, 1998; 
Porter, 1999; VanTassel-Baska, 1998) which had influenced their planning and teaching. The 
teachers thought that science had a higher profile during the Action Research Project as they 
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were discussing it regularly at staff and team meetings where planning was discussed. 
Teachers were therefore, spending more time thinking about and planning science activities, 
which then impacted on their teaching. This is exemplified by T9 who indicated that the 
Action Research Project had: 
.. . made her think about the way she taught science and focus on teaching style and 
the content being delivered. 
(Interview 2: T 9) 
The new activity planning sheet with its seven elements, however, was greeted with a mixed 
reception. A particular concern from some staff was about the possible amount of time 
needed to complete it. It was decided that the Key Stage 2 (KS 2) teachers would undertake 
the initial trial and that there would be further discussion between the teacher researchers and 
the Key Stage 1 (KS 1) teachers before they started using the sheets. By the end of the 
Project the science coordinator (TR 1) was confident that there was a greater consistency 
within planning, and that all staff were more confident when conSidering differentiation and 
challenge. The different sections of the planning sheet had made teachers think deeply about 
the activities which would be more challenging (Interview 2: TR2) to meet the learning needs 
of gifted pupils (Van Tassel-Baska, 2000). One of the key changes had been to develop 
different learning objectives for gifted pupils. (In the past, all groups would have had the 
same learning objectives.) 
The move to make science more challenging for gifted children through questioning seemed 
to be a major theme that resulted from the new planning sheet. There was change in 
emphasis to take more time to ask 'What if?' questions and actually making them think and 
explain a little bit more (Interview 2: T9). The majority of teachers realised that much of their 
questioning in the past had been closed and now they thought it had become more open and 
challenging. Questioning was sometimes organised in different ways and directed at 
particular children to probe their ideas and make them think deeply about a topic and require 
them to apply information in a different context (Interview 2: TR2). This meant that they all 
need to be thinking (I nterview2: TR 1) as anyone might be asked or be expected to explain 
something. 
Questioning was developed for whole-class sessions, as well as to target individuals when 
they were engaged in practical or other tasks. In whole-class sessions, teachers planned for 
the use of questions to structure the introduction of lessons and to challenge and develop 
children's ideas in the discussions at the end of the sessions (Interview 2:T2). Questions 
targeted at individuals allowed teachers to assess a child's understanding of a topic to allow 
the teacher to move his/her understanding further. Questions were also used to explore 
children's ideas and perhaps draw out information from the child which they maybe had not 
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thought of (Interview 2: T1). Targeted questions in whole-class discussions was a strategy 
used to keep individuals involved and to keep them thinking about the science under 
discussion (Interview 2: TR3). There seemed to be a move from closed questions to more 
open questions targeted particularly at the gifted children (Interview 2: T3). The reasons for 
doing this are clearly explained by TR4 when asked to describe how she challenged gifted 
children: 
I am asking the 'What if?' questions and actually making them think and explain a 
little bit more. Perhaps some of my questioning in the past, without realising, was may 
be a bit closed. I was looking for an answer, I had got something specific in my mind 
that I want them to give back to me if you like, whereas now I am perhaps a little bit 
more open to pushing them to think things through, and putting it into another context 
too and make it more real for them. 
(Interview 2: TR4) 
The development of gifted children's thinking skills was therefore the key aim of the open 
questioning and this led to a number of different outcomes: 
• an expectation of quality thinking in the explanations or answers to the questions; 
• the development of science investigations where children had to make decisions 
about the variables to investigate, how to carry out the investigation, and the 
conclusions that could be drawn from the data; 
• setting tasks where children are asked to apply the knowledge they had gained to 
new situations; 
• grouping children by their responses and planning differentiated work to take forward 
all children's learning. 
Although the staff initially expressed concern with regard to the amount of time required in 
using the planning sheets, at the end of the project their value was recognised by the majority 
of teachers. As one teacher said: 
We have done much more planning in much more detail. What is interesting is, and I 
would be honest and say I was one of the ones in Key Stage 1 who felt that we didn't 
need a huge planning sheet ... I have managed to use most of it .... The more you put 
down in detail the more it makes you gather your thoughts properly. 
(Interview 2: T13) 
For a minority of teachers, the activity planning sheet was still an issue at the end of the 
Action Research Project. It was seen to be one more layer of unnecessary paperwork. It was 
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thought to be bureaucratic and cumbersome, and a way for outsiders to check on the science 
teaching. These teachers were spending more time planning their science activities, but as 
one of the teachers said, she wrote down the key pOints but not in great detail. In particular, 
KS1 teachers, who undertake detailed planning for multiple year groups and accommodate 
two sets of objectives (Foundation Stage and KS1 National Curricular), felt that this would add 
to their already lengthy planning meetings. (Before a child is five, planning and teaching at 
ARP School are structured around the non-statutory Foundation Stage Curriculum 
(DfEE/QCA, 2000c). After a child's fifth birthday they need to be taught the statutory KS1 
Curriculum (DfEE/QCA, 1999)). However, each Curriculum had to be planned for as there 
were children from each stage in the classes. These two curricular have different learning 
objectives, curriculum emphases and organisation. (SCience in the Foundation Stage is 
taught as part of 'Knowledge and Understanding of the World' but is a discrete subject at 
KS1.) 
Although filling in the new planning sheet was seen as a step too far for some teachers, they 
were planning more challenging science activities at the end of the project than at the 
beginning. This is exemplified by T2 who noted: 
We've just been analysing the structure of the lesson really and the differentiation 
more than we would have done previously. 
(Interview 2: T2) 
There was more use of formative assessment in teachers' planning for challenge which led to 
the development of extension activities and differentiated tasks for the scientifically gifted. 
Formative assessment at the start of a topic was undertaken to determine children's 
understanding of the area of science that is to be taught (Black and Wiliams, 1998; 
Assessment Reform Group, 2002). If this formative assessment is linked to planning, it 
should allow all children to make progress in their understanding of science. 
If the children understood the science concepts that were being discussed they were moved 
on to the next thing (Interview 2: TR4) or made to apply what they knew to a different context. 
TR1 justified this by suggesting that: 
If they (the gifted children) have already covered what the majority of the class are 
covering, if they have done it all before and they have got that understanding then 
(the lessons) all becomes boring and it is that repetition thing, so I think it is 
appropriate to give them something different. 
(Interview 2: TR1) 
A theme that emerged for the Action Research Project was that extension activities were not 
simply more of the same but were activities that the children would find fun and interesting as 
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well as challenging. The activities would not achieve their aim if the gifted children were not 
motivated to push themselves to develop their thinking further (TR3) in order to meet the 
challenge. As she indicated: 
If it seems like a fun thing or it has an interest to them then yes they will push 
themselves forward and enjoy doing that. 
(Interview 2: TR3) 
Organisation of science was seen to improve during the project. This was clearly linked to the 
improved planning, both formally and informally, which meant there was more discussion, 
which focused in on aspects of class management and organisation. Feedback from the 
teacher research team, staff meetings, and INSET helped all of the staff develop questioning 
techniques and provided an opportunity for open discussion regarding progression and 
continuity within the school. For the first time, teachers looked at science topics to examine 
how concepts should develop throughout the school. This allowed teachers to see where 
there might be repetition or where they could cover the work at a faster pace because aspects 
of the topic had been taught in previous years. The primary curriculum can be thought of as a 
spiral that widens from Year 1 to Year 6 as it is designed to give progressively deeper 
understanding and greater competence (DES, 1985). This means that children are taught 
topics, for example electricity, up to three times during their career in a primary school. This 
has the potential for repetition, lack of continuity and no real progreSSion if teachers do not 
know what and how a topic has been covered in previous years. 
The issue of time and time management had obviously been a key issue for the majority of 
staff. Addressing this concern was therefore one of the features of the interventions that were 
trialled. Teachers looked at the allocated time for the science curriculum and decided to block 
longer periods of time, rather than allocate a set time each week, so that the objectives of the 
lessons could be achieved more easily. If science is taught in one-hour sessions, some 
practical science activities will not be completed and will have to be continued at a later date. 
This can potentially waste time and decrease children's motivation. This flexibility did not 
necessarily increase the amount of time devoted to science but did mean that teachers 
thought the time was more efficiently used. Some teachers did teach science for a small 
amount of extra time for consolidation of work and ideas. This is exemplified by TR3 who 
stated that: 
The extra quarter of an hour provided an opportunity to extend their (gifted children's) 
thinking. It provided a visual stimulation, visual reminder, and mental reinforcement 
of vocabulary with lots of questions. It really motivated the children and there is 
evidence within the questioning of the children of extension of thinking skills. 
(Interview 2: TR3) 
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Another teacher (TR2) of older children trialled an extra half hour a week during the Spring 
Term for consolidation of facts to meet the Standards for the Key Stage 2 Standard 
Assessment Tests (SATs). TR2 stated that: 
I really looked at how I could make this half an hour enjoyable yet challenging. The 
time given to planning was worthwhile as the children really enjoyed these half-hours 
and consolidated their previous learning. 
(Interview 2: TR2) 
TR3 had realised that the time allocated to science was not sufficient to develop challenge, 
and through that, children's thinking. She therefore was implementing her science teaching 
with additional quarter-of-an-hour lessons to back up areas that they have not understood 
properly, to consolidate ideas or when we have not had time to really talk through the 
conclusions (Interview 2: TR3). (In her conversations with T9 she had learnt about the 
literacy links with science and the quizzes and she intended to develop science quizzes in 
these short lessons.) 
For the majority of teachers, the organisation of science investigations was no longer an issue 
at the end of the project. It was still seen to be difficult but manageable. Teachers felt 
confident enough to allow children to explore their own ideas from more open ended tasks 
rather than the closed teacher directed tasks of previous years. This had a major impact on 
science investigations where teachers said they were trying to make them more interesting 
and varied ( Interview 2: T3). When the class carry out a science investigation (DfEE/QCA, 
1999), T6 had her gifted children dealing with complex variables, continuous rather than 
categoric, or, in some, more than one variable. (Variables are the factors that need to be 
managed in an investigation. Continuous variables are measurable, for example, height and 
time; categoric variables involve simple classifications, for example, eye colour or type of 
seed.) 
Three teachers were still concerned about managing groups carrying out practical work and in 
particular investigations. These teachers had groups of children engaged in different subject 
based activities throughout the day. This would mean that different groups of children would 
be carrying out science tasks during the week. For them the issue was one of logistics. 
Ideally, they wanted to spend time with each of the science groups to challenge all children's 
thinking. In reality, this was not the case. Some children had their science time squeezed by 
other school activities; sometimes the teacher had to deal with other children engaged in 
other subjects. 
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Managing a number of groups during science lessons had become less of an issue for the 
majority of teachers. Teaching had become more group focused with less whole class 
teaching. This enabled teachers to focus on the more able (gifted) and challenge them 
(Interview 2: T3). During science lessons, groups of gifted children could be found in strange 
places around the school, for example, the cloakroom, carrying out their investigations whilst 
the teacher talked to the rest of the class. As T12 indicated, it is really plate spinning 
(Interview 2: T12). When questioned further she stated that this meant science teaching to 
challenge gifted pupils was not without difficulty but was very satisfying when it went well. 
Teachers therefore, tried to achieve challenge in their science teaching through the use of 
ability groupings combined with modification of the standard curriculum. Research evidence 
suggests that gifted children do need opportunities to work with each other (Education and 
Employment Committee, 1999). The principle, which underpins this organisation, is part of 
Vygotsky's (1962) theory of the 'zone of proximal development'. He suggested that children 
benefit from working in collaboration with more capable peers, but more importantly that the 
only meaningful learning is that which is in advance of development (Vygotsky, 1962). Ability 
grouping therefore allows gifted children to be brought together for social and intellectual 
support (Davis and Rimm, 1998) in a gathering of like minds (Teare, 1997). 
Working in groups was seen to have a number of advantages. The children were given 
autonomy to tryout their own ideas, to carry out their own research, and to create displays of 
their work that they had designed. The teachers thought that group work and less whole 
class teaching allowed them to carry out more targeted questioning. This facilitated much 
discussion, and improved assessment of each child's scientific knowledge and understanding. 
The advantage was that it allowed the teachers time to talk to and challenge individual 
children as they went around the groups; through these discussions they could make effective 
assessments. The main impact of this group work on children was to increase enthusiasm for 
and enjoyment of science amongst the top third of the class. This was particularly noticed by 
T6 who thought that this was having a positive impact on the achievement of the gifted 
children in her class. 
Giving groups of gifted children different activities did, however, seem to have a down side. 
Sometimes, the more challenging activities were seen by other children to be much more 
interesting, particularly practical work. This was an issue because it was thought by the 
teacher researchers that the less able children did not have the level of understanding, or 
even basic knowledge, to cope with the challenge of the differentiated activities; they may end 
up not learning anything at all if they were given them to carry out. All children were not seen 
to have the same potential or innate ability in science. Gifted children needed opportunities to 
reach their potential and achieve as highly as possible by being given challenging activities. 
The concepts within these activities were often too difficult for the rest of the class to 
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understand. To try to address this, teachers sometimes took the gifted children to another 
place outside of the classroom to carry out their science activities. However, the issue still 
arose at plenary sessions when each group told the rest of the class what they had been 
doing. 
The demonstration lessons given by the Science Advisory Teacher clearly gave the impetus 
to a number of teachers to try out ideas for themselves. As T7 indicated: 
I always feel, 'good heavens', how can you juggle all these balls even with an LSA 
(Learning Support Assistant). But you know, the way she (the AdVisory Teacher) did 
it did help and it is working. 
(Interview 2: T7) 
TR3 thought that the organisation of her science teaching had not altered during the project, I 
am still putting in as much effort as I did before (Interview 2: TR3). What had changed for her 
was that she had become more aware of the reasons why she was doing something. She 
stated that her focus had changed from her teaching to the children's learning. It would 
appear that TR3 was challenging SCientifically gifted children in her science lessons before 
the Action Research Project started. The real change for her was to examine the underlying 
beliefs and values to determine why she did things in a particular way. She had engaged in 
both reflection-in and reflection- on-action. Other teacher researchers had also engaged in 
reflection-in-action which had resulted in changes their science teaching, coupled with 
reflection-on-action which changed their beliefs and ideas about teaching. All of the teacher 
researchers showed a paradigm shift in their thinking from a focus on teaching to a focus on 
the children's learning. The teacher researchers had been involved in double-loop learning. 
This clearly shows how the Action Research Project impacted on the teacher researchers. 
A small minority of teachers thought that changing the organisation to allow for more group 
work had had a negative effect on their science teaching. T2, who was convinced that her 
teaching had not improved because children were spending more time discussing and talking 
and less on carrying out practical work, exemplified this viewpoint. The timetable for science 
was seen to be quite strict, which meant that within the time available, once discussion was 
complete, she indicated that she only had time for a group or teacher demonstration. 
TR2 organised a number of visitors and experts to come into the school, with clearly very 
positive results. A secondary school teacher of physics and biology attended one half-day a 
week to teach science skills to a group of gifted Year 6 children. This was seen to be 
extremely successful by both the teachers and pupils. TR2 indicated that the pupils enjoyed 
the experience because they were dealing with more challenging ideas, and using more 
sophisticated equipment, which was not normally associated with the primary science 
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curriculum. She saw this as a means of challenging the gifted children's thinking and 
increasing their motivation. She noted that the children said that they looked forward to the 
morning and really capitalised on their time, writing up their experiments for display and 
sharing their findings with the rest of the class. TR1 also had expert visitors talking to her 
children about the Earth and space, and rocks and soil. She was convinced that this 
increased the children's motivation by making the science more interesting and challenging. 
believe that as long as challenge in science is associated with science equipment there is a 
potential problem for primary schools where there is a limited budget. I suggest that 
challenge can be achieved in other ways that are manageable by all primary teachers without 
the need to resort to sophisticated equipment. This is exemplified by the challenge activities 
developed by the other teacher researchers. 
TR4 examined the links between science and literacy, using role play, drama, poetry and 
story. She found that adopting this cross-curricular, creative approach raised enthusiasm for 
science within her class and extended scientific thinking by making the children apply their 
knowledge to everyday situations. TR3 allocated additional periods of time within the day to 
science. She utilised the time in the format of a quiz; the children were able to develop their 
own questioning techniques and take more responsibility for their own learning by carrying out 
their own scientific research prior to acting as quiz masters. TR4 sent groups of her gifted 
scientists from her Year 4/5 class to work with gifted scientists in the Year 6 class of teacher 
6. This resulted in the sharing of their knowledge with the rest of the Year 4/5 class. This was 
one of the factors which caused a noticeable increase in the children's enthusiasm for 
SCience, as noted by TR4. 
For logistical reasons associated with the number of pupils in any given year group, most 
children were taught in classes with two year groups together. In ARP School, science is 
taught on a two year cycle, which means all children in a particular class are taught the same 
topiC. Thus, in any class there are children with differing scientific abilities, age and 
experience, and levels of understanding. T12 who had a class of Year 3 and 4 children 
exemplifies this issue. Within the class, there were children who could not write mixed with 
others who were above the level in writing expected for children when they leave the primary 
school. This arrangement therefore brings with it a number of problems for the teacher. With 
some children, T12 said that she had to repeat things a number of times before a child 
understood a concept (Interview 2: T12). This was a dilemma for the teacher because 
children that were gifted could very well have a clear understanding of the concepts under 
discussion or grasp them after being taught once (Rogers, 1999). Keeping doing the same 
thing may cause stagnation (Interview 2: T13), boredom or even disruptive behaviour 
(Interview 2: TR1). T1 had a clear solution to this dilemma; she gave all of the children 
activities which she thought would be challenging for all of the children in her class at the start 
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of a topic. She examined their responses and was able to differentiate her teaching to meet 
the needs of the gifted children who demonstrated mastery. This is an ideal way of operating 
which other colleagues working in the same planning teams began to use. This was a clear 
demonstration of identification through provision (Freeman, 1998). 
A number of strategies were used to try to overcome this issue of meeting the needs of gifted 
children. Some teachers used open-ended tasks to allow children to explore ideas to the 
depth they wished (Interview 2: T3), and/or used the gifted children to support other children 
in the class to explaining scientific ideas and concepts to the other children (Interview 2: TR1). 
A number of teachers differentiated tasks with learning objectives that were appropriate for 
the gifted children working in their own group (Interview 2: TR3). The most common method 
was the use of questions that challenged children's thinking. This is not surprising as 
questioning was one of the aspects of teaching that the teacher researchers wanted to focus 
on and which therefore featured on the new activity planning sheet. Differentiating science to 
make it challenging for the gifted was not without problems. T1 highlighted the case of one 
of her children who did not want to be singled out as gifted. She was described as 
outstandingly able and her understanding was way beyond the rest of the children in the class 
(Interview 2: T1). Unfortunately, the teacher thought she was lazy and did not want to be 
given activities which would challenge her thinking because this would mean she was on her 
own working at a science task when other children had finished. This was a dilemma for T1 
because she was attempting to give the child opportunities to build on her ability, but the child 
lacked the motivation to achieve her full potential. 
This has clear resonance with the idea that children will not convert their innate ability into 
achievements without being intrinsically motivated (Gagne, 1991, 1995; Eyre, 1997) or 
committed to the task (Renzulli, 1995). TR3 taught a class of Year 5 and 6 children. She had 
a number of children who were gifted scientists but had poor literacy skills. Most of these 
children could cope with this situation, but one boy was having great difficulties and felt 
swamped by the other children. He was not able to cope in a group of the most able (gifted) 
where he was expected to verbalise exactly what he should be doing (Interview 2: TR3). It 
would seem that this boy came into the group of gifted children who have a learning disability 
(Porter. 1999). Baum (1989) described this child's type of disability as recognised learning 
disabled. The results can be low self-esteem plus low achievement (Porter: 1999). Whether 
to place the boy in a group where he could cope socially, but not be challenged to make the 
most of his ability, was a quandary for the teacher. Baum et al. (1991) suggested that 
children who are recognised learning disabled should be allowed to present their work in a 
non-verbal form or taught in a non-traditional manner. The scientifically gifted boy in question 
would therefore be challenged during science activities. This might have been the solution to 
the problem for both the teacher and pupil. 
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At the end of the project, only one teacher indicated that resources were an issue for her 
when teaching science. Additional books and materials, including videos and CD Roms 
formed the basis of a small library of science resources to enable teachers to obtain for 
differentiation and different ways of accessing the science curriculum. Purchasing the New 
Star Science Scheme (Feasey et ai, 2001) had been the major financial outlay for ARP 
School. This scheme examines all aspects of the primary science curriculum. Throughout 
the life of the project, the scheme had been trialled in all of the classes. At the end of the 
research project, teachers were asked, by the teacher researchers, how this major resource 
had influenced their science teaching. One of the main benefits the teachers highlighted was 
that the scheme gave them a base on which to plan and develop their knowledge and 
understanding. The data indicated that the scheme had helped to develop the science 
teaching in ARP School. The areas that the teachers said the scheme had improved 
included: 
• planning more challenging science lessons; 
• teaching science lessons which offered more challenge; 
• support with more open-ended, challenging questioning in science lessons; 
• differentiation for gifted children; 
• creating more positive attitudes in children; 
• children's attainment in science; 
• teachers' ability to assess. 
The teachers in KS1 were particularly positive about the big books (Feasey et ai, 2001). 
These acted as a real visual stimulus for the children and created great interest in science. 
The teaching style was seen by the KS1 teachers to be very appropriate for this age group as 
the ideas are presented in a visual format. The scheme provided a structured approach for 
teachers when planning and assessing, and reinforced the need for specific questioning. The 
assessments built into the scheme at regular intervals had been used effectively by teachers. 
There was some thought, however, that the scheme might overload the pupils with the same 
layout of worksheets which could become repetitive and off putting for children. This would 
then have a negative effect, as the activities would be the same from lesson to lesson 
(Interview 2: TR1). 
4.4 The development of children's attitude towards science 
In this section, I will be examining the teacher researchers' third success criteria; pupils would 
have a more positive attitude towards science and feel more challenged. The teachers saw 
the need to make the work exciting and stimulating for gifted children lest they could become 
bored with the science lesson. Gifted children were seen to have knowledge beyond the rest 
81 
of the class and knew many of answers to the teachers' questions. This became an issue at 
times when the class was taught all together, especially at the beginning and end of sessions 
where they had to sit still. Here the teachers felt that the work was not difficult enough for the 
gifted children. This has implications for gifted pupils, as lack of interest and motivation could 
lead to behavioural problems. Again, the issue of the teachers' own knowledge came into 
play. This was summarised by TR2 who said: 
My knowledge has to be secure and I have to know what the next stage in the 
process is really to get them interested, because if it's more of the same thing they 
know that straight away. Especially for more able (gifted) children ... 
(Interview 2: TR2) 
The classroom environment plays a key factor in transforming gifted children's innate ability 
into academic performance (Gagne, 1991, 1995). Teachers have a key role in this as they 
provide activities which motivate gifted children (Eyre, 1997) and support and encourage 
them to succeed (Freeman, 1991). 
The teachers in the research conducted by Eyre et al (2002) believed it was important for 
gifted children to be challenged to the point where they might risk failure. The teachers in 
ARP School went on to develop this idea, summarised by TTs comments: 
You don't push them so far that it becomes hard and it becomes off-putting for them. 
You want to hit the right spot, I suppose don't you? But you do want it to be exciting. 
The children want to do it. They want to question. They want to find out for 
themselves. It's finding out for themselves, and being excited by it ... that makes 
science challenging. 
(Interview 2: T7) 
4.4.1 Children's attitudes towards science at the start of the project 
The teacher researchers tried to establish children's attitudes to science using a 
questionnaire with KS 2 children and discussion groups covering the same information with 
KS 1 children. The teacher researchers analysed their data and established that most KS 1 
children had a positive attitude towards science in school, but that there were no specific 
areas which proved especially popular. The majority of the children in KS 1 looked forward to 
their science lessons, finding them fun, interesting and challenging. However, there did 
appear to be a number of gender issues, with more girls not looking forward to their science 
lessons, boys spending more time carrying out scientific investigations at home, and boys 
taking part more frequently in discussions involving science. For the most part, the children 
thought that they worked hard and that their teachers enjoyed teaching science. Science was 
seen to be part of their lives, as they talked about science at other times of the day and 
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watched videos about science at home. There was no indication in the data to suggest that 
pupils associated the science work in ARP School with the science experienced in the 
children's homes. The teacher researchers however did make this assumption when 
analysing their data. 
As the children moved through KS 2, attitudes towards science altered. Although science 
was still viewed in a positive way there appeared to be specific aspects of science which were 
less popular, in particular, forces and materials. Most children in KS 2 still felt science was 
important to their everyday lives although by the time the children reached Year 6 the 
emphasis was more on future requirements. Many of the children in KS 2 felt they could work 
harder and were not being fully challenged. 
4.4.2 What impact did the research project have on children's attitudes? 
The teacher researchers gathered data through questionnaires at the start and end of their 
research project. Analysis of these data suggested to the teacher researchers that the 
interventions which had been put in place had been positive, and that the objective of raising 
pupils' motivation, enthusiasm and developing positive attitudes towards science had been 
achieved. The findings can be summarised in the following way: 
• More children, in particular girls, looked forward to science . 
• 
• 
.. . when it is science they say 'Oh great' so they (the children) obviously enjoy 
it far more. 
(Interview 2: T13) 
There was an increase in the number of children thinking science was interesting . 
They do not get bored in my class. 
(Interview 4: TR3) 
More children perceived that their teachers enjoyed teaching science . 
The teachers thought that a number of factors had been involved here but three in particular 
had made a significant impact. Firstly, the introduction of a wider variety of resources; 
secondly, different teaching styles; and thirdly, the introduction of a wider variety of tasks. 
From their observations during science lessons, the teachers thought the children greeted the 
books in New Star Science (Feasey et aI., 2001) with interest and enthusiasm. This they 
credited to the format and page layouts. There were, however, some criticisms of the 
scheme as teachers thought there was a significant amount of repetition of ideas and , 
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worksheets for the children to fill in. T2 suggested that this had caused problems in terms of 
children's attitudes at the start of the year because she had followed the scheme too rigidly 
then; now she was more relaxed and flexible in her approach. It was thought that the 
worksheets in the scheme could get children bogged down because some children might lack 
the literacy skills needed to fill them in (Interview 2: T2). As TR3 indicated, it could be 
potentially death by paper work (Interview 4: TR3). With increased confidence, teachers were 
replacing these sheets with class discussions, which were viewed by the children in a much 
more positive way. Repetition of similar ideas and activities in the scheme was a second 
issue, also identified by TR1, which might affect children's attitudes towards science. This 
was seen to be a particular issue for the gifted scientists. The teachers realised that there was 
a need for recapping of some ideas to reinforce children's thinking, but the gifted children did 
not need to do this as much as other members of the class. For example, children were 
expected to make model parachutes in Years 4 and Year 6 when investigating forces. The 
science coordinator (who was TR 1) reviewed the scheme to try to eliminate these repetitions. 
Overall, individual teachers indicated that they thought they had changed their organisation 
and style of teaching to accommodate the needs of the gifted. 
Making science more fun and challenging was the second key factor in increasing interest in 
science identified by the teacher researchers. As T12 noted, if children are interested they 
want to learn more (Interview 2: T12). A key factor in this was to make the science more 
relevant and related to the everyday lives of the children. The majority of teachers achieved 
this by moving to a style of teaching which was less teacher directed and allowed children 
more time to explore their own ideas. Children were involved in more practical work and less 
writing. Two teachers in particular talked about how they now pulled children up rather than 
pushed them. This meant setting activities which would challenge their thinking which would 
require effort to achieve a solution, and challenging children to the point where they might fail 
(Eyre et aI., 2002), but supporting them if this became a possibility. The activities would be 
slightly beyond their grasp and require significant effort to master them (Davis and Rimm, 
1998). The children would be in their zone of proximal development (Vygotsky, 1962) 
engaged in activities which had greater depth. It also allowed for the possibility of previously 
unidentified gifted scientists revealing themselves when engaged in challenging activities 
(Geake et ai, 1996). This was seen by the teachers to be a more effective way to challenge 
and motivate children and was particularly important for the gifted children who had not been 
well catered for in the past. T12 discussed how well motivated, organised and conscientious 
her gifted children were because she believed her teaching had changed to challenge their 
thinking and ideas. 
Teachers talked about activities being really good because they were more fun and exciting 
for the children. This meant that children were more likely to be motivated by the activities, a 
key aspect in actualising gifted children's innate ability (Gagne, 1991, 1995; Eyre, 1997). 
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Equally important, the teachers indicated that they were now having more fun teaching 
science. This meant that the teachers were more likely to repeat this way of teaching. The 
number of practical tasks and those involving visual images increased as they were seen to 
be more effective in helping children to learn science concepts. At the start of the year 
extension tasks were not seen to be motivating for the children, but during the year some 
teachers thought they had developed tasks which were both interesting and challenging, and 
which allowed gifted children to push themselves forward and enjoy the experience (Interview 
2: TR1). This involved the children in more open-ended investigation and research questions 
(Teacher 14). As TR4 indicated: 
If they (scientifically gifted children) are challenged, they are involved and more 
enthusiastic so their approach to the subject has got to be more positive. 
(Interview 4: TR4) 
The teacher researchers thought that the introduction of a variety in teaching methods, for 
example, linking science with literacy, and providing opportunities for consolidation of ideas 
and vocabulary during the day, enhanced the children's learning and helped raise motivation 
and enthusiasm. 
The issue of boredom was the main reason that TR2 used to justify her use of acceleration 
rather than broadening the curriculum to challenge gifted pupils. Some children had parents 
who taught them lots of science. This meant that these children were very knowledgeable in 
science so broadening the curriculum was not enough (Interview 4: TR2). These children 
needed to be stretched beyond the primary curriculum. One child was a particular concern as 
TR2 thought he could probably pass a GCSE examination in science; he is: 
... phenomenal in the knowledge and understanding so it has been very difficult to 
keep him motivated. 
(Interview 4: TR2) 
TR2 gave this child work from the Key Stage 3 curriculum to challenge him because, if she 
did not, he quickly became bored and frustrated. 
The attitudes of many Year 6 children however, did not appear to be as positive at the end of 
the research as at the beginning, which was of real concern to the teachers involved. The 
second survey was carried out at the same time as the KS2 SATs. The format of the science 
SATs is two 45 minute examinations. Before these examinations, the Year 6 children spend 
much time revising and preparing in a formal, less practical way with an emphasis on the 
learning of facts and science content knowledge. The teachers still had the perception that 
science is a body of knowledge to be taught in the final year of primary school (Murphy and 
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Beggs, 2003). The teacher researchers thought this could have influenced Year 6 pupils' 
attitudes to science in a negative manner. As T3, a Year 6 teacher, indicated: 
... the KS2 SA Ts at the moment are content driven. It is necessary to revise in order 
that the children achieve their potential. However the children can view this as 
boring. 
(Interview 2: T3) 
So, although revision lessons were not greeted with any enthusiasm by the children, the 
teachers thought they were a necessity. The Parliamentary Office for Science and 
Technology noted that focusing on the factual content of science: 
.. . can leave little time to build on children's interests, engage pupils in discussion on 
scientific ideas and issues: and teach scientific enquiry. 
(POST, 2003: 2) 
The teachers at ARP School were aware of the issues identified by POST (2003) as they had 
similar concerns. The Year 6 teachers were clearly aware that revision lessons impacted on 
their teaching style and children's learning. This resonates with ideas expressed in 
Excellence and Enjoyment: a strategy for primary schools (DfES, 2004a) which indicated that 
children will learn better when they are excited and engaged. The classroom environment 
plays a key factor in transforming gifted children's innate ability into academic performance 
(Gagne, 1991, 1995). Teachers have a key role in this as they provide activities which 
motivate gifted children (Eyre, 1997) and support and encourage them to succeed (Freeman, 
1991). As T3 indicated: 
it is imperative that different teaching methods are employed to ensure children's 
interest in science. 
(Interview 2: T3) 
Although there seemed to be an underlying belief in this philosophy, the Year 6 teachers still 
did not feel empowered to teach for challenge throughout the year. Teaching for challenge 
takes time and would not allow the Year 6 teachers to revise all aspects of the science 
curriculum. It would have needed a leap of faith for these teachers to continue teaching for 
challenge, which neither they nor the Headteacher was willing to take, as there was still the 
imperative that PANDA grades needed to improve. A mid-year survey of children's attitudes 
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to science might have given different results as the Year 6 children were also engaged in 
more challenging science activities at that time. The Action Research Project had resulted in 
improved attitudes to science in the rest of the school as challenge had become an integral 
part of science teaching throughout the time of the Project. 
For some children their perception of challenge remained an issue. Although many felt they 
worked hard, some felt they could work harder and that they were not being fully challenged. 
The teacher researchers considered this and thought it could have been a fault of the survey 
instrument rather than the children's actual perceptions; most children seemed to feel they 
could work harder in many areas of the curriculum. 
4.5 Chapter summary 
In answer to the first research question: to what extent were the success criteria of the Action 
Research Project achievable in the time scale? This question refers to all teachers at ARP 
School at the end of the Action Research Project. My research indicated a positive response 
for the following reasons: 
• All of the teachers indicated that they felt more confident in their ability to challenge 
children in science through their own increased knowledge, more structured planning 
and the use of different types of resources which were purchased as a result of this 
Project. 
• The teachers have sufficient scientific and pedagogical knowledge to deliver a more 
challenging science curriculum. 
• Teachers were adopting a variety of teaching styles and integrating science within 
other curriculum areas; this had resulted in increased interest and motivation 
amongst both staff and children. 
• The Action Research Project raised the profile of science in ARP School with science 
becoming one of the focuses for discussion and staff development through the year. 
• Differentiation improved with a different format for planning and a more focused 
approach providing additional challenge for children. 
• Teachers recognised the importance of providing opportunities for children to carry 
out more conceptually challenging investigations. The benefits of this increased 
reflection and development of more challenging teaching had an impact on the 
attitudes and enthusiasm of the children. 
• Observation of teachers from other schools who were seen to be effective at 
challenging children in their science teaching was seen as a valuable source of 
information, ideas and strategies. The value of this was that the teachers who were 
observed were classroom teachers who laboured under the constraints of everyday 
teaching. 
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• Observation of the Science Advisory Team working with classes in the school also 
proved to be effective in providing ideas for differentiated recording, challenge and 
classroom management. 
• The teachers thought the role of the science coordinator was enhanced, allowing time 
for reflection and insight into what was happening throughout the whole school. 
• By carrying out the Action Research Project the teacher researchers thought they had 
been able to address important issues in a systematic way which has had a positive 
impact on professional and curriculum development. 
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Chapter 5 
An evaluation of the process of action research 
5.1 Introduction 
This chapter presents an evaluation of an action research project conducted by some 
teachers at ARP School, with a view to developing a model of professional development 
(Hitchcock and Hughes, 1995), which takes a more interpretive (Greene, 2000) or impact 
evaluation (Evaluation Research Society, 1980: 3-4) approach. I wished to examine how the 
teacher researchers experienced the action research strategy. Sherman and Webb (1988) 
describe this as illuminative evaluation. The focus is on the collection of data from all of the 
participants in the Action Research Project (see Methodology Chapter 3) in order to evaluate 
the effect of the innovation (in this case, the process of carrying out the Action Research 
Project). The research deSign was more bureaucratic (Hopkins, 1989) with teacher 
researchers the subject of the research, not co-researchers. The teacher researchers took a 
more passive role. This research ran in parallel with the teacher researchers' own Action 
Research Project. 
Ainscow (1998) has pointed out, that a research perspective is particularly important in trying 
to understand the different theories and pOints of view about, for example, meeting the needs 
of gifted primary children in science lessons. Action research has the potential to be turned 
into a vehicle for effective in-service education and training for teachers (Stenhouse, 1975; 
Elliott, 1974; Hustler et ai, 1986; McKernan, 1996; Peters, 2004). As described in Chapter 1, 
the Best Practice Research Scholarships (OfEE, 2001 b) supplied funding for the teacher 
researchers to carry out the research. Through action research, teachers could investigate 
their own practice in order to enhance the quality of teaching and learning experiences (Clark, 
1997). This funding was mainly used by the teacher researchers to employ supply teachers 
to cover the classes of the teacher researchers when they were engaged in the research, and 
thus provide the time for the teacher researchers to carry out research activities. The time 
provided was used to; visit other schools, visit colleagues' classrooms, find out what is really 
going on (Interview 3: TR1) in science lessons, reflect on their own practice, discuss issues 
with colleagues, and focus on a specific aspect of teaching and learning through the collection 
and analysis of their own data. The funding allowed time to examine what was happening 
(Interview 3: TR3). Time allowed them to plan how to make science teaching more 
challenging and then: 
• Look - building a picture and gathering information. 
• Think - interpreting and explaining. 
• Act - resolving issues and ideas. 
(Stringer, 1999: 18) 
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After completion of the initial action research cycle to determine how challenging science 
teaching was at the start of the Action Research Project, the teacher researchers planned 
interventions to try to improve the situation and then complete a second action research cycle 
(Lewin, 1946; Kemmis and McTaggert, 2000; Zuber-Skerritt, 1995). 
Action research can be described as the pursuit of action (or change) and research (or 
understanding) at the same time (Kemmis and McTaggert, 2000). It is often community 
based, as in the case of the teacher researchers, and carried out by a practitioner or 
practitioners in the field (Stringer, 1999: 9); in this project, ARP School. The primary purpose 
is to produce practical knowledge that is useful to people in the manner in which they conduct 
of their lives (Reason and Bradbury, 2001). The action research discussed in this thesis 
began as other action research projects have with a general idea that an improvement or 
change in the participants' area of work was desirable, i.e., science teaching was not 
challenging enough. The action research was undertaken because there were concerns 
about the science teaching which needed to be addressed. Changes to classroom practice 
were seen by the teacher researchers to be an inevitable part of being a professional 
(Altrichter et ai, 1993). Professional development in this form assumes that teachers are 
reflective practitioners. A group of interested teachers, who were keen to make the 
necessary changes to their classroom practice, was formed to clarify this mutual concern. 
The group then worked together and focused its improvement strategies on making science 
teaching more challenging (Hart and Bond, 1995; Kemmis and McTaggert, 2000). The 
characteristics of action research are summarised in the CRASP model developed by Zuber-
Skerritt. Action research is: 
• Critical collaborative enquiry by 
• Reflective practitioners being 
• Accountable and making the results of their enquiry public, 
• Self-evaluating their practice and engaging in 
• Participative problem-solving and continuing professional development. 
(Zuber-Skerritt, 1995: 15) 
In order to evaluate action research as a means of professional development, a number of 
research questions were devised (see Chapter 1 for more information). For convenience, 
these questions are reproduced below: 
• 
• 
To what extent is action research an effective means of professional development? 
How did the teacher-researchers view the roles of different stakeholders in the Action 
Research Project? 
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• Are there tensions, conflicts and ethical issues associated with the Action Research 
Project for the different stakeholders? If there are tensions, how did these arise? 
How might they be resolved? 
5.2 The teacher researchers' thoughts about action research as a means of 
professional development 
This section deals with the research question: To what extent is action research an effective 
means of professional development? At the end of the Action Research Project, all of the 
teacher researchers believed that the project could provide a model for professional 
development beyond the context of ARP School, and the specific focus on science and gifted 
pupils. The teacher researchers thought that imposed changes were less likely to be 
effective, or as permanent as changes brought about by staff within ARP School. This 
evidence is supported by wider research findings, which suggested that some professional 
development had not met teachers' expectations as the context in which they were working 
was not taken into account (Clark and Callow, 1998). Action research was, therefore, seen 
by the teacher researchers as the ideal vehicle for professional development as it allowed 
them to participate in and go through the action research cycle of planning, acting, observing 
and reflecting (Lewin, 1946; Kemmis and McTaggert, 2000; Zuber-Skerritt, 1995). 
An overarching theme that emerged was that the teacher researchers viewed the Action 
Research Project as an essential instrument for the implementation of meaningful changes to 
make science teaching more challenging in their school. The teachers would become more 
effective (Hargreaves, 1998). There was a clear feeling from all four teachers involved that 
they were now more than teachers and had become teacher researchers. This is a rejection 
of the technical rational view (Schon, 1983; Doerr and Tinto, 2000) of professional 
development that is operationalised in the research-development-dissemination (ROD) model 
(Altrichter et ai, 1993: 201) and a belief in the reflective rational approach (Schon, 1983). The 
teacher researchers were challenging the common assumption that knowledge for and about 
classroom teaching should be firstly generated in a university then used in schools (Brown 
and Macatangay, 2002). Two of the teacher researchers had been involved in other research 
projects, which were not action research but fitted into the ROD model. TR2 indicated that 
she had developed as a researcher, in gathering data, when involved with previous projects 
but had not been part of the team that developed the theories nor dissemination of the 
findings. Both teacher researchers thought that action research was the most effective in 
changing practice of the teachers involved as they could be more proactive (Interview 3: TR1) 
in identifying problems and developing solutions to solve them. TR4 felt more confident in her 
ability as a researcher and indicated that she would be keen to undertake another research 
project. She contrasted her experiences of research when she was a literacy coordinator. 
She talked about being on the other side when researchers came into her school to do 
research with the children (Interview 1: TR4) She had seen th h '. . e researc process In action 
but was an outsider being researched on. No feedback was given after the research was 
completed which made TR 4 feel even less positive about education research. Being a 
teacher researcher was seen to be: 
... more fun and much more satisfying . . .it was not just research for the sake of 
research, it is research for the sake of actually doing something to improve your own 
practice. 
(Interview 4: TR 4). 
This supports the contention that teachers researching their own schools and classrooms 
have found the process of carrying out the research to be a highly satisfying and energising 
professional activity (Hargreaves, 1998; Handscomb and MacBeath's, 2005). 
There are three assumptions in reflective rationality that the teacher researchers applied to 
their Action Research Project. These are: 
• Complex practical problems demand specific solutions. 
• These solutions can be developed only inside the context in which the 
problem arises and in which the practitioner is a crucial and determining 
element. 
• The solutions cannot be successfully applied to other contexts but they can 
be made accessible to other practitioners as hypotheses to be tested. 
(Altrichter et ai, 1993: 202) 
The complex problem related to making science more challenging in the context of their own 
school. I could direct the teacher researchers to theory and practice from my own and others' 
research but they felt that it was necessary for them to try out ideas for themselves with the 
children in their school. Through the process of action research, the teacher researchers 
began to know their own knowledge (Lytle and Cochran-Smith, 1994) as the approach was 
immediate, direct and relevant to their needs (Day, 1991) and geared to their own practice 
(Ponte, 2005). This process enabled the teacher researchers to move beyond simply 
changing their science teaching to reflecting on and changing the underlying beliefs which 
underpinned their teaching. Two key aspects of traditional research are replicability and 
generalisability (Robson, 1999). The research is thought to be of good quality if other people 
can do the same thing with the same results, and if the method and its findings can be 
generalised to all situations. These criteria are inappropriate for action research as it is not 
possible nor desirable to aim for replication or generalisation. The teacher researchers 
carried out the Action Research Project to understand and improve the science teaching in 
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ARP School. It was this shared learning that led to the construction of their collective 
knowledge (McNiff et ai, 1996). As TR2 indicated: 
By carrying out the Action Research Project we have been able to address important 
issues in a systematic way which has had a positive impact on professional and 
curriculum development. 
(Interview 3: TR2) 
Action research by its very nature requires time to implement as it is research into actions 
which by their very nature were long term. The teacher researchers were hoping to make 
science more challenging throughout ARP School, to influence practice in all classrooms by 
the end of the research year. Time could have been given quite independently of the Action 
Research Project for other forms of staff development but the teacher researchers thought 
that action research was the most effective means of knowing if they had really made a 
difference. This was because they could engage in reflection and improvement based on 
information they had systematically gathered and analysed (Ponte, 2005: 278). 
The teacher researchers were agreed that, in their view, the action research model adopted 
was applicable in most curriculum areas and for many issues related to whole-school 
development. They indicated that there should be more teacher research linked to ARP 
School's staff development plan to investigate how they could improve teaching in all 
subjects. This supported the ideas of Hitchcock and Hughes (1995) who thought that it was 
a part of a teacher's responsibility to carry out research. The teacher researchers were in 
essence validating the CRASP model (Zuber-Skerritt, 1995) of action research as the most 
effective means of professional development as it integrates teaching with curriculum 
development, research and reflective practice (Elliott, 1991). 
Enabling groups of teachers to be involved in such projects was thought by the teacher 
researchers to have the potential for enhancing and enriching the school culture way beyond 
the specific content area under consideration. The Action Research Project stimulated 
teacher researchers' interest and gave them ownership of the teaching and learning process. 
Much of the professional development that the teachers had been involved in previously was 
simply concerned with classroom practice. The action research project enabled the teacher 
researchers to think beyond the immediate classroom and examine their ideas and theories 
about gifted children. This process offered the real possibility of a paradigm shift in the 
teacher researchers' ideas. The development of the process of reflective practice was seen 
by the teacher researchers to be a powerful tool for helping teachers improve children's 
learning. As TR1 indicated: 
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The benefits of taking part in the research project were many; it allowed time for us 
(the teacher researchers) to be reflective in our teaching, and test out new initiatives 
and interventions. 
(Interview 3: TR1) 
The teacher researchers thought that the opportunity to look into an aspect of education in 
detail and having the time to do this was a very significant feature of their own personal 
development. This is illustrated by TR3 who stated: 
It has to be a good thing professionally, because you are actually gaining another 
skill. 
(Interview 3: TR3) 
For TR 1, personal development was particularly apparent in the increased status and 
enhancement of her role as science coordinator. The research had given her the opportunity 
to have a higher profile in ARP School, and to reflect and gain insight into what was 
happening throughout the school. The Action Research Project gave a picture of science 
teaching at the start and end of the Project. She (TR1) could be confident that teaching of 
science had become more challenging because she had evidence and data to support this. 
This enhanced status, which was an indirect consequence of the Action Research Project, 
emerged during staff meetings, year group meetings, the organising of in-service training 
meetings for the whole staff, and organising observations of colleagues when they were 
teaching science to their classes. The teacher researchers were, however, conscious that the 
profile of science, both in terms of children's perceptions and in terms of teacher's 
enthusiasm, was enhanced more in their classrooms compared with the classrooms of the 
other teachers. This could be similar to the effect noted by TR4 when 'outsiders' came into 
her classroom. She did not have ownership of the research and therefore was detached from 
it. The other teachers in the school had opinions which echoed the idea that research was 
carried out by outsiders who wanted to influence teachers' practice. This is illustrated by T1 
who stated: 
They (external researchers) always try to implement changes too quickly, they do 
their research and then they want it (classroom practice) changed instantly. 
(Interview 2: T1) 
Teachers' thoughts and ideas about education research do lend support to Hargreaves' 
(1998) view that education research is the best form of continual professional development 
and that it should involve all concerned. 
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For the teacher researchers, working as part of a team with the same goals in mind was a 
significant feature of the research. TR3 and 4 particularly enjoyed the concept of being an 
'educational researcher' and sharing ideas and disseminating findings at the county's teacher 
research conference. Even though the teachers found being a teacher researcher 
challenging, they thought the research had developed them professionally as they had gained 
confidence to question ideas, which were previously accepted without thinking. As TR4 
indicated: 
I think it (carrying out research) is a very valuable thing to do, because it makes you 
think about your practice in the classroom. Not just with what you are researching, but 
you actually start to think deeply about a lot of other areas as well. 
(Interview 3: TR4) 
The aim of the Action Research Project was professional development of all teachers in ARP 
School, to make science teaching more challenging. What the teacher researchers wanted 
was all of their colleagues to reflect on their teaching to examine how challenging it was and 
then look to develop challenge where it was not apparent. The Action Research Project 
helped to define the CPD as the development of teachers' practice rather than compensating 
for teachers' deficiencies (Huberman and Guskey, 1995). 
The Action Research Project encompassed the aspects of CPO which the synthesis of 
research findings indicated would produce positive outcomes (Cordingley et al. 2003; OfES, 
2004b); for example: 
• The teachers decided on the focus for their CPO. 
• There was a sharing of good practice. Staff meetings were organised to discuss and 
try out methods for challenging gifted scientists. 
• External expertise was provided. Members of the Science Advisory Team gave 
demonstration lessons and the teacher researchers visited other schools to watch 
teachers who were seen to teach science in a challenging manner. I talked about 
challenge in science at staff meetings. 
• Teachers tried out ideas in their own classrooms and had opportunities to examine 
their successes and failures at subsequent meetings. This sustained practice in the 
classroom was necessary for the transfer and incorporation of skills, strategies and 
curriculum patterns into teachers' active teaching repertoires (Buzzard and Jarvis, 
1999) and to decrease the possibility of science teaching returning to the status quo 
as it was before the Action Research Project started (Oesforge, 1995). 
• Showers et al (1987) suggest that nearly all teachers need social support and 'follow-
up' provided by expert or peer coaches during the transfer process to enable them to 
sustain their practice. This was provided in two ways, by the teacher researchers 
95 
supporting their colleagues, and by my visits to the school to help organise and lead 
staff meetings and discuss ideas with the teachers. 
A key feature of action research is the notion of praxis (Grundy, 1995); theory is derived from 
practice (Elliott, 1991) and involves reflection and self-evaluation (Zuber-Skerritt, 1995; McNiff 
et ai, 1996). This contrasts with the technical rationalist view that sees practice as an 
application of theories and principles that are known before engaging in the practice (Doerr 
and Tinto, 2000). According to Schon (1995) action research has its foundation in the 
rejection of the technical rationalist approach and a valuing of 'knowing-in-action' where 
professional practice flows smoothly and appears simple to outsiders (Altrichter et ai, 1993). 
The teacher researchers were all experienced and showed the characteristics of this type of 
professional action: 
• thinking and acting were not separate (the teacher researchers taught science 
lessons skilfully, with fewer problems than most of their colleagues); 
• many were unaware of the source of their practical knowledge or how it was 
learnt. 
Before the project started, there was a realisation amongst the teacher researchers that they 
were not meeting the needs of gifted children in science lessons. This disrupted the smooth 
flow of routine actions, and the questioning of assumptions about teaching instigated another 
type of action; reflection-in-action (Schon, 1983, 1987, 1995). The teacher researchers 
realised that the routines they had developed needed to be changed to make their science 
teaching more challenging. This reflection occurred within the action of teaching science 
lessons (thinking and doing are not separated) and led to the rethinking of aspects of the 
knowing-in-action (Schon, 1983, 1987, 1995). The teachers were trying out new ideas which 
started the process of generating new understanding and began to change their science 
teaching (see Chapter 4). As TR1 indicated: 
Everybody's looked in greater depth at their own teaching of science. They've tried 
out different things ... there has been a lot more discussion about what's going on, 
and what things we might like to consider to make science more challenging. 
(Interview 4: TR1) 
This reflection-in-action would have had an impact on the science teaching but the concern 
for many teachers was that they did not have the skills or knowledge themselves to really 
make a significant impact to solve the problems associated with developing more challenging 
science lessons. Staff meetings, visits to other schools and the purchasing of the science 
scheme Ginn New Star SCience (Feasey, et ai, 2001) provided exemplar material to allow 
teachers to develop the necessary knowledge and skills. 
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A major part of the Project was time for the teachers to develop the skills and knowledge 
necessary to challenge gifted children, but more importantly to reflect on their practice and 
evaluate their teaching (Kinder and Harland, 1991) and its contribution to children's learning 
(DfES, 2004b: 6). This would facilitate the teacher researchers' own reflection-on-action 
(Schon, 1983, 1987, 1995). This was necessary as the teacher researchers were developing 
their own knowledge. Time away from teaching gave them the opportunity to distance 
themselves from action and allowed them to reflect on it away from ARP School context. The 
teacher researchers were conscious that reflecting-on-action was a slow process which could 
disturb the smooth running of routines in their classrooms, but it facilitated careful analysis 
and allowed them to plan the changes they wished to make to their teaching. Reflection-on-
action can therefore, make explicit the strategies, assumptions and problems associated with 
reflection-in-action (Doerr and Tinto, 2000). This allowed them to examine critically the 
strategies and ideas discussed and introduced during the staff meetings and visits to other 
schools. This in itself began to generate new problems which once solved created knew 
knowledge for the teachers. A second key feature of reflection-on-action is that it makes 
knowledge communicable (Altrichter et ai, 1993). The knowledge gained about challenge 
could be communicated to colleagues in ARP School. It was hoped that through reflection, 
both on and in action, teachers would solve the problems associated with meeting the needs 
of able scientists by developing their knowledge-in-action. Challenge would therefore 
become part of the routine in science lessons (see Chapter 4). The changes to classroom 
practice for teachers who were not teacher researchers were achieved through single-loop 
learning. For the teacher researchers there was a paradigm shift as they focused beyond 
changes to science teaching to the beliefs and values which underpinned the new teaching 
strategies. They were engaged in double-loop learning as their focus changed from teaching 
to learning and meeting the needs of scientifically gifted children. 
The Action Research Project was seen to be successful because it moved the teachers from 
the process of knowing-in-action to reflecting-in-action and the teacher researchers to the 
process of reflecting-on-action, which incorporates all aspects of the CRASP ((Zuber-Skerritt, 
1995) model of action research. This reflective process is an integral part of effective CPO 
(DfES, 2004b). Prior to starting the Action Researcher Project, all of the teacher researchers 
thought of themselves as reflective practitioners (Schon, 1983, 1987, 1995). This had 
entailed evaluating their teaching to look for improvements in children's learning (reflecting-in-
action). TR4 exemplified this when she indicated that she constantly reflected on what had 
happened in her classroom during the day to look for improvements or alternative ways of 
teaching in order to enhance the children's learning. TR3 took this view further as she 
thought reflection might be influenced or facilitated in different ways through staff meetings, 
key stage meetings, meetings of subject teams or on a personal level examining how a 
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lesson went and how it could be improved (Interview 3: TR3). She saw the significance of 
reflection-on-action for improving practice. 
For all of the teacher researchers, the project allowed them to move away from the individual 
system of reflective practice to a more collaborative process of reflection through the action 
research in a research team. TR2 explained this clearly when she stated: 
Reflective practice is when you are actually reflecting on your own practice, and then 
you are improving your own practice. Action research is when you are reflecting on 
your own and others' practices, and then extending it out to help other teachers in the 
school. 
(Interview 3: TR2) 
This definition clearly has all of the characteristics of the CRASP (Zuber-Skerritt, 1995) model 
of action research. In order to reflect on their own and others' practice, the teacher 
researchers had to bring together action and reflection, theory and practice, in participation 
with others in pursuit of practical solutions to issues of pressing concern (Reason and 
Bradbury, 2001: 1); that is, make science more challenging. The teacher researchers were 
involved in the action research cycle of looking, thinking and acting (Stringer, 1999). 
The systematic gathering and discussion of data was viewed as key factors in the success of 
the Action Research Project and was seen by the teacher researchers as one of the features 
which distinguished the two processes, reflective practice and action research. The action 
research provided evidence to back up why you are doing something or why you should 
change your practice (Interview 3: TR3) - or what the change should be/could be. This 
evidence or data went beyond the teacher researchers' own classrooms to an examination of 
what went on in all of the classes in ARP School to find out both teachers' and pupils' 
perception of challenge in science. Data were gathered at the beginning and end of the 
Research Project to see whether the strategies put in place had been successful (Interview 3: 
TR2). As TR4 indicated: 
Action research is looking at what is happening, analysing it, and taking suggestions 
forward from there, in a process like a cycle. You start from where you are and you 
place some interventions and then you see where you're going from there. 
(Interview 3: TR4) 
This has clear resonance with the concept of the action research cycle of planning, acting, 
observing and reflecting (Kemmis and McTaggert, 2000; Zuber-Skerritt, 1995). 
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Action research was viewed as practitioner research with teachers involved in developing 
their own practice and influencing the practice of colleagues. This would allow them to 
develop their own teaching and take ownership of the research agenda, which was very 
important to the team of teacher researchers. They saw the importance of being able to 
speak the language, and to be able to know the difficulties and the successes (Interview 3: 
TR2) as an essential feature of successful action research. For the teacher researchers, any 
research project that involved teaching and learning had to involve teachers: 
... because they are the ones who are teaching every day and developing the 
children's learning. 
(Interview 4: TR 1). 
Whereas reflective practice was seen as a general approach to the improvement of teaching 
and learning, action research was seen by the teacher researchers as more specific and 
focused. Action research: 
.. . means identifying something that you'd like to find out more about and actively 
going out and finding out what else there is, and trying to make a difference bringing 
things, bringing new things to the school, or to the, the subject. 
(Interview 3: TR1) 
The teacher researchers had achieved their aim to make science teaching more challenging. 
In terms of the action research processes, they had brought together action and reflection; 
developed practical solutions to issues of pressing concern (Reason and Bradbury, 2001: 1) 
and participated in problem-solving and continuing professional development (Zuber-Skerritt, 
1995: 15). 
TR4 went so far as to indicate that she thought it was not possible to carry out an action 
research project alone to examine your own practice (Carr and Kemmis, 1986). The teacher 
researchers thought this would be simply the normal thing that effective teachers would do 
after teaching a science topic and would therefore be classified as reflection-in-action. This 
resonates with models of effective CPO where the emphasis was on peer support, working 
with colleagues and sharing practice (Cording ley et aI., 2003; OfES, 2004b). 
For TR3 the research involved her in thinking through what she was doing more than she 
would have been normally. She thought that she was more aware of how she was 
challenging the brighter (gifted) children (Interview 4: TR3). This belief is supported by TR2 
who used this to help her show how action research developed out of reflective practice: 
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The (action) research is going one stage further, it is extending my thinking .. . as a 
teacher, I would be reflecting on most of my lessons in the week. Whereas, as a 
researcher, I was looking at science and the more able (gifted) child. 
(Interview 3: TR2) 
Action research involves strategic action with a deliberate planned intent to solve a problem 
(McMahon, 1999). If we combine this with systematic gathering of triangulated information, 
rigorous analysis of data, we move from reflective practice to action research (Denscombe, 
1999; Shafer, 2000; Pereira, 1999). The teacher researchers did have a real problem to 
solve and were concerned to triangulate their data. The data allowed them to reflect-on-
action in a systematic manner to increase the validity of their findings as they wished to 
influence science teaching in the whole school. This meant that the teacher researchers were 
involved in action research not simply reflective practice. 
Reflection-on-action is therefore a key feature of the action research cycle and the teacher 
researchers were convinced that this process was facilitated by being in a research team who 
could discuss ideas together. As they indicated, it was the sharing and working in a team 
which actually moved it from the realms of reflective practice and into a process of action 
research. This again mirrors the notion that participation and dialogue with other colleagues 
was a necessary feature of action research (for example, Zuber-Skerritt, 1995; Sachs, 1999; 
Reason and Bradbury 2001; Ponte, 2005). Other writers in the field (for example, McNiff, 
1988) however, suggested that individual teachers can engage in action research through 
self-reflective enquiry undertaken ... in order to improve the rationality and justice of their own 
practice (Carr and Kemmis, 1986; 162). The teacher researchers in this project were 
adamant that they would not have been successful in developing challenging science 
activities without the shared process of reflection-on-action. The importance of the group was 
stressed by TR3 who stated: 
One of the good things about research is that you are able to discuss and get ideas 
and then formulate it as a group, not just one, one individual. I think it was a joint 
effort. 
(Interview 3: TR3) 
I feel that the Action Research Project was an example of educational research as it was 
systematic critical inquiry made public (Stenhouse, 1975). Working as a team helped the 
teacher researchers to be more systematic and critical in their data analysis and through 
triangulation increased the validity and reliability of their findings. A teacher working on 
her/his own could carry out an action research project but I feel they would have to have had 
experience of other research projects before they could attempt this. 
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Working as a group allowed the research to have a greater depth by focusing on the whole 
school. As the teacher researchers indicated, working alone within the time scale would 
mean the research might not be so wide-ranging as it would only be able to focus on the 
teacher's own class or year group. It was thought that one teacher researcher would have 
much less impact on her colleagues and the aim of the Action Research Project, to make 
science teaching more challenging across the school, would not be achieved. The Project 
would not have been effective professional development for the whole staff of ARP School. 
For the teacher researchers, teamwork allowed them to move from being reflective 
practitioners who were examining their own classroom practice through reflection-in-action, to 
action researchers investigating science teaching in the whole school through both reflection-
in-action and reflection-on-action. To summarise, it was thought that working alone would 
not have helped the school as much (Interview 3: TR4) and would not have had the same 
impact and would therefore be less effective professional development. 
Reflection and discussion within the group was seen as an integral part of their research 
(Interview 3: TR1). As TR2 indicated, it allowed them to see the wider picture (Interview 3: 
TR2) beyond what went on in their own classrooms. This was significant because the aim of 
the Action Research Project was to make science teaching more challenging in all 
classrooms, not just those of the teacher researchers. For the teacher researchers seeing 
the wider picture meant working through the action research cycle twice during the lifetime of 
the Project to eventually gather data which would indicate if the interventions they had put into 
place had been successful, and science had become more challenging throughout ARP 
School. 
The Action Research Project achieved its aim in ARP School as the success criteria were met 
(see Chapter 4). The teacher researchers thought the Action Research Project was effective 
CPO for all of the teachers in ARP School. An analysis of the Action Research Project 
showed that it incorporated the factors which are associated with effective CPO (OfES, 
2004b) that were established by the Evidence for Policy and Practice Information and 
Coordinating Centre review (Cordingley et ai, 2003). Action research is therefore an effective 
form of professional development as it has the potential to change not only classroom 
practice but also the fundamental values and principles which underpin this practice. Action 
research has the potential to change teachers' theories about how children learn and through 
this have a long term impact on the children in their care. 
5.3 The roles of the different stakeholders in the Action Research Project 
This section relates to research question: How did the teacher-researchers view the roles of 
different stakeholders in the Action Research Project? The stakeholders that were discussed 
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were myself, the teacher researchers, and the other teachers in the school. Data were 
gathered from the teacher researchers at the beginning of the Action Research Project to 
determine the roles of the different stakeholders. At the end of the Action Research Project, 
the teacher researchers were interviewed to determine how the initial ideas about the roles of 
different stakeholders might have developed. 
All of the teachers in ARP School had a role in the development of challenge in their science 
teaching. Only the teacher researchers however, would be involved in a self-reflective spiral 
of planning, doing, analysing and re-planning (Clark, 1997) where they examined what they 
did implicitly and perhaps took for granted, and made this information explicit. It was the 
teacher researchers who had ownership of the research, who developed the research plans, 
decided on which interventions should be put into place and were intimately involved in 
gathering data to build up a picture of what was happening in science lessons, interpreting 
and explaining what the data meant, and resolving issues as they emerged (Stringer, 1999: 
18). 
The teacher researchers made it very clear that they were the only ones who were 
researchers; the other teachers had various roles in supporting this. The other teachers, who 
were pro-active within their own classrooms, were seen to be active reflective practitioners 
but not teacher researchers. The teacher researchers, who were pro-active within the whole 
school, thought that their role was a much more active one in developing challenging activities 
compared with their colleagues. TR1 exemplified this when she suggested: 
They (the other teachers) are supporting our research by co-operating and being 
willing to talk with us openly .. . they have been quite open to supporting the research. 
(Interview 1: TR1) 
Other roles were not directly associated with being a researcher per se but were concerned 
with the situation in the school where four teachers acting as a researcher team were trying to 
change the practice of the whole teaching staff. They were keen not to be seen as experts in 
the field of science education but colleagues who were interested in taking a more direct part 
in the Action Research Project. The teacher researchers were keen to keep their colleagues 
informed at every step of the research process. The group dynamics allowed the teacher 
researchers to share and evaluate ideas in a more effective way, share expertise, and 
through this develop a better project (Interview 3: TR3). On a more mundane level, they 
thought that working as a team was less stressful. 
The teacher researchers met regularly to decide the timetable for the research and the 
interventions that they instigated. My role was to act as a critical friend to help the teacher 
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researchers to 'look' and 'think'. The teacher researchers did however, think that the group 
had become more dynamic and self-sufficient as the research progressed. As TR3 indicated: 
We worked very closely together. There was lively interchange of ideas with different 
people taking the lead on aspects of the research for which they had particular skills 
or aptitude. 
(Interview 3: TR3) 
The teacher researchers were engaged with all three elements of the Stringer (1999) model 
whereas all of the other teachers in ARP School were only involved in acting to resolve issues 
and ideas. During a brainstorming session, at the start of the Action Research Project, the 
teacher researchers set out the roles they thought each of the stakeholders would assume. 
All of the teachers, including the teacher researchers would be: 
• Learners; 
• Reflectors; 
• Open to change; 
• Implementers of change; 
• Providers of information; 
• Open to scrutiny. 
By taking on these roles, they would be involved with the components of effective CPO (DfES, 
2004b). 
All of the teachers in ARP School would need to take on these roles as the Action Research 
Project aimed to make all of the science teaching in the school more challenging. As TR1 
indicated, the Action Research Project: 
.. . gave an answer for the whole school .. . science was an area of weakness, we were 
taking that on and we were deciding what to do about it. 
(Interview 3: TR1) 
An understanding of challenge in primary science and how to implement this was therefore a 
key element in the roles of all teaching staff. The list also implied that all teachers would be 
open to the idea of changing their teaching and being trained how to do this. Indeed one of 
the key factors that the teacher researchers thought contributed to the success of the Action 
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Research Project was the co-operation and willingness to talk openly and reflectively which 
the other teachers demonstrated. As TR4 noted, the initial 'look' highlighted areas that 
needed to be improved. TR3 even noted that her colleagues were willing to take on board 
unpalatable stuff (Interview 3: TR3). They were willing to admit that some of their teaching 
was not challenging and needed to be improved, and sometimes they were getting things 
wrong (Interview 3: TR3). There was therefore a readiness to implement changes to 
classroom practice amongst most teachers by trial ling new teaching methods and ideas. 
Some of the changes were, however, first trialled in the teacher researchers' classrooms' for , 
example, the use of stories, plays and poems by TR4. The impact of these was analysed and 
fed back to the rest of the staff. Some teachers did have worries and concerns (see Chapter 
4) but these seemed to have been mainly overcome by the end of the Action Research 
Project. There were times when the teacher researchers made mistakes because they were 
learning about research (Interview 3: TR 1). This meant the rest of the teachers had to be 
patient and supportive of the research team particularly when they were out of their 
classrooms carrying out the research. 
For the teacher researchers to instigate the 'look' element of Stringer's (1999) model, the 
teacher researchers had to gather information and data from all teachers and their children 
through interviews, surveys and classroom observations. Teachers in England have their 
classroom practice scrutinised on a regular basis by both external and internal agencies. For 
example, TR2 gathered data annually in her role as assessment coordinator and OFSTED 
inspectors are required to observe teaching, so it was hoped that the research would be 
viewed simply as an extension of this process. There was therefore an assumption that all of 
the teachers would be open to the prospect of having their teaching examined to determine 
how effective they were at teaching science in a challenging manner. At first, some teachers 
were unwilling to talk about their planning and were reluctant to allow a teacher researcher to 
observe their teaching but they eventually became more relaxed and supported the research 
to a lesser or fuller extent as all were keen to make their science teaching more challenging. 
This was because there was a realisation that the research would help them to improve their 
science teaching. As TR1 said, the research gave an answer (Interview 3: TR1) for the whole 
school. The teacher researchers saw support as an integral feature in the success of the 
Action Research Project. This support was a multifaceted process. By the end of the Project, 
the other teachers became more important in a non-research way as, in the minds of the 
teacher researchers, they offered support to the research team and helped them to remain 
focused and moving forward (Interview 3: TR3) to meet the time scale for finishing the 
research within the academic year. The other teachers were supported in various ways to 
develop more challenging science activities. Interviews and less formal discussions also 
helped all of the teachers to move from the processes of knowing-in-action to reflecting-in-
action. They were not left there on their own, and knew they could count on the support of the 
research team. The teacher researchers also supported each other to carry out all aspects of 
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the research and keep each other motivated and on track to complete the research. To be 
effective, the Project needed, and had in place, teacher researchers who were: 
• Committed to systematic questioning of their own teaching; 
• Committed to the study of their own teaching; 
• Concerned to question and test theory in practice. 
(Stenhouse, 1975; 143) 
The list of roles associated with being a teacher researcher is obviously longer and more 
complex compared with the list for the other teachers in the school. This was because the 
teacher researchers were insiders in the Action Research Project and were engaged directly 
in gathering and analysing data (Stringer, 1999: 18); looking to build a picture and thinking to 
interpret and explain. They were engaged in self-reflection, collaborator reflection and 
discussion (Borgia and Schuler, 1996). 
The roles the teacher researchers associated with acting as a researcher included: 
• Data gatherers; 
• Data analysers; 
• Thinkers and reflectors; 
• Planners of a way forward; 
• Disseminators of information. 
The teacher researchers were the main researchers, problem identifiers and investigators 
(Brown and Macatangay, 2002) who would be reflecting on information they had 
systematically gathered and analysed (Ponte, 2005: 278). They indicated that they would be 
engaged in all aspects of the action research cycle; planning, acting, observing and reflecting 
(see Table 5.1), but in reality, they found the process of action research was not quite as neat 
as this because on some occasions all aspects took place concurrently (Gummesson, 1991). 
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Table 5.1: Links between the action research cycle and teacher researchers' 
descriptions of their roles in the Action Research Project 





Teacher researchers' description 
Planners of a way forward 
Learners 
Reflectors 
Open to change 
Implementers of change 
Providers of information 
Open to scrutiny 
Dissemination of information 
Data gatherers 
Data analysers 
Thinkers and reflectors 
TR 1 summarised the role that the teacher researchers had as gatherers of data when she 
indicated that they would have to: 
... find out what is happening at the moment in our school. To find out where we are. 
To find out where we need to go. To find out what is happening in other schools and 
put some suggestions forward to improve standards in our own school. 
(Interview 1: TR1) 
Once the data had been collected, the teacher researchers worked as a team to analyse and 
interpret the findings to determine the implications for the project and for ARP School. As 
there were four teacher researchers, they could each examine the data and bring their own 
thinking and ideas to the discussions. As the project progressed, different teacher 
researchers took the lead in the gathering and the initial analysis of specific data; for example, 
TR4 was very interested in children'S attitudes to science so she took the lead is this aspect 
of their research. After the initial analysis, the whole team would meet to continue the 
process of analysis and interpretation. This was a form of triangulation which validated the 
teacher researchers' conclusions. 
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For the teacher researchers, thinking and reflecting on data was one of the keys to the 
success of the Action Research Project. This was seen to be a very active role where heated 
discussions and questioning of other's assumptions and ideas was the norm. This was 
viewed as a positive process which could only benefit the Action Research Project as it was 
expected that increased reflection and challenge of assumption would eventually impact in a 
positive manner on classroom teaching. The teacher researchers were engaged in a form of 
internal triangulation of their data to increase the validity of their conclusions. TR3 went so far 
as to say she could be quite belligerent and antagonistic in her challenging of other teacher 
researchers' thoughts and ideas (Interview 3: TR3). The teacher researchers did not simply 
accept ideas but were keen to question and discuss them in detail as in the past it was 
thought that colleagues had been less willing to share and discuss ideas. Again, working as a 
team was seen to enhance this reflective, questioning aspect of their role because the 
discussions allowed them to clarify and refine their ideas. 
At the start of the Action Research Project, the teacher researchers needed clear guidance 
about how to proceed and develop all aspects of their research. As they became more 
confident and assured, they needed less support from me as they were able to wholly take 
over the decision-making and planning (Interview 3: TR1) to move the research forward to 
achieve their aims. They felt that this was a change from a passive to a more active role with 
them in control of the research agenda. This was seen to be a natural, inevitable progression 
as they became more confident in what they were doing and where they wanted to go 
(Interview 3: TR4) and took on the role of researchers. Again, the team of four was seen to 
be significant in the pace of this development. The mutual support they could offer allowed 
the teacher researchers to take over and plan how the research would progress. 
5.3.1 The teacher researchers' perceptions of my role as a stakeholder in the Action 
Research Project 
One distinctive element of this project was my role as an external mentor. The aim was to 
give the chance for all aspects of the research to be seen in a more objective way. This is 
often quite difficult in a relatively small institution like a primary school where the focus 
involves insider researchers. I saw my role as the provider of a more sound theoretical base 
to help teacher researchers to build on teaching which is often approached very 
pragmatically. I was to offer the external expertise necessary for effective CPO (Cordingley et 
aI., 2003; OfES, 2004b). My involvement hopefully eased the transition from being a 
reflective practitioner to being a teacher researcher who bases her conclusions on 
systematically gathered data and evidence. My ultimate aim was to act as 'critical friends' to 
the teacher researchers. Costa and Killick (1993: 50) offered the following definition of a 
critical friend as: 
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A trusted person who asks provocative questions ... takes time to fully understand the 
context of the work presented and the outcomes that the person or group is working 
towards ... an advocate for the success of that work. 
This definition contains four elements commonly understood as central to the role (MacBeath 
et ai, 2000; Doherty et ai, 2001) which I hoped to put into place during my time with the 
teacher researchers. These are that the critical friend should: 
• Be trustworthy; 
• Ask demanding and pertinent questions; 
• Find out about the school' , 
• Actively support its development. 
One further element is also acknowledged as being crucial to the role of critical friend, that of 
providing: An outside perspective, a reference point and connection with a wider field of 
know/edge (MacBeath et ai, 2000: 158). As I had carried out research and development in 
the field of science education and the development of challenging science activities for 
primary aged children I felt able to take on this role. 
At the start of their Action Research Project, what was of paramount importance to the 
teacher researchers was my expertise in research methods and tools, and knowledge of how 
to develop challenge in science for gifted children. As the research developed through the 
aspects of the action research cycle, my role as a critical friend became more pertinent. I 
interviewed the teacher researchers to gather data relating to their thoughts about my role in 
their Action Research Project. There was obviously a danger of researcher bias through the 
use of leading questions is this aspect of my research as I was essentially the research 
instrument (Denzin and Lincoln, 2000: 368) asking questions about myself. I was very careful 
to treat the interviews as a two way communication to try to set the teacher researchers at 
ease. During the interviews, I engaged in member checking (Creswell and Miller, 2000) by 
restating and summarising information received from the teachers. After the interviews were 
transcribed the teacher researchers were sent transcripts which they could examine critically 
and change where they wished. I feel that member checking (Creswell and Miller, 2000) 
meant that the teacher researchers' comments about my role were what they actually 
thought. 
Data gathered from interviews indicated that the teacher researchers thought that my role 
was to act as a support in two distinct ways, one associated with carrying out the process of 
action research and secondly to act in a more personal effective manner if and when issues 
or problems arose. The lists were: 
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• Keeper on task. 




• Being positive. 
When I interviewed the teacher researchers at the end of their Action Research Project, it was 
still possible to identify these two aspects of my role in the teacher researchers' comments. 
Interestingly, in models of effective CPO the emphasis is on peer support rather than on 
leadership by a supervisor (Cordingley et aI., 2003; OfES, 2004b). Taking on the role as a 
leader at the start of the Action Research Project was not surprising as the teacher 
researchers were not too confident about carrying out research activities. As expected, 
however, my role as leader was seen to be less important as the research developed during 
the lifetime of the Project. 
The teacher researchers thought they had become more autonomous and my role took on 
more of the features of the critical friend. This is not unsurprising as the teacher researchers 
became much more confident in their ability as researchers and I did not have the situated 
knowledge which is necessary to implement changes to classroom practice (Bryant, 1996). 
At the start of the year, the teacher researchers: 
(did) not know what was expected .. .it was important that there was someone other 
than teacher researchers involved ... to help pull it (the research) together, and keep 
us focussed. 
(Interview 1: TR 1) 
In this context, initially I was part of the research team with particular expertise and 
knowledge that could be drawn upon when needed. There were times when the teacher 
researchers needed someone, who had experience of action research projects, to help keep 
this project on track to finish by the end of the year. They admitted that it would have been 
easy to let this timescale slip as the everyday role of class teacher was a clear priority. There 
was a conflict between the roles of teacher and researcher for the teacher researchers 
(Atkinson,1994; McTaggert et al.,1997). I visited ARP School on a regular but informal basis 
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to offer encouragement and support where it was needed, but also to try to force their hands 
to keep to the research schedule. This was not viewed in a negative way but, on the contrary, 
was seen as a means of motivating the teacher researchers to keep working to achieve the 
desired aims (see Chapter 1). The teacher researchers were keenly aware that the research 
was designed to influence the teaching of science in all classes in the school. My role was 
viewed as integral in supporting them in this development as I had expertise in the 
development of challenging science activities and could share this with the teachers at staff 
meetings. I could share my knowledge with the teachers, in an advisory capacity, to allow 
them to develop their own classroom practice in the 'act' aspect of the action research cycle. 
The teacher researchers thought I gave structure to the project, which may not have been in 
place if I had not been involved to help keep them on task and focussed when necessary. As 
TR3 suggested, I became the hub of the project and was able to give an objective pOint of 
view when needed on all aspects of research. TR3 summarised this role when she said: 
.. . sometimes if you're in amongst it all the time, especially working with colleagues in 
a school, you tend to get bogged down by the same sort of language and the same 
sort of style, whereas somebody coming in can give fresh ideas and fresh input. 
(Interview 3: TR3) 
Some of the initial data were quite sensitive and could have been viewed as critical of 
colleagues and their practice. Without my support, the teacher researchers indicated that 
they might have been reluctant to discuss contentious aspects of science teaching. These 
needed to be examined and discussed openly before improvements could be made to 
facilitate more challenging science teaching. The teacher researchers thought my comments 
and advice gave legitimacy to these research findings, which allowed them to approach 
colleagues with more confidence and assurance. I was not thought of as an authority figure 
who gave the 'correct' answers but someone who could support and legitimise the 
conclusions that the teacher researchers had already drawn from their data. 
Initially, I helped them to design their research tools and to analyse data, to help the teacher 
researchers sort out and organise their ideas (Interview 3: TR4), but as they became more 
confident and in control of the direction the research was taking they needed and asked for 
less guidance from me. This view was exemplified by TR2 who indicated: 
We have all become more actively involved (in the research). To begin with we were 
talking a lot but later we were actually going out and doing things and making 
changes and making plans. 
(Interview 3: TR2) 
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The teacher researchers thought that one of my essential roles was to ask questions to 
provoke their thinking and challenge ideas and assumptions (Interview 3: TR3) about the 
science teaching in the school and how it could become more challenging. Some of these 
questions were critical of the teaching processes as they were asking teachers to reflect on 
their own and colleagues' embedded practice. The questions were often hard for the teacher 
researchers to resolve as class teachers, because they were involved with the practice of 
their colleagues. This move from being a teacher who is concerned with science teaching in 
her class to a teacher researcher who is examining science teaching across the school was 
difficult for the teacher researchers as the role of internal researchers had not been part of 
their responsibility in the school. They saw part of my role as therefore to help keep the 
research focussed, to help them ask the unpopular questions, to guide them in this unfamiliar 
role and to help make the transition from teacher to teacher researcher. 
5.4 Tensions, conflicts and ethical issues for teachers involved in action research 
This section relates to research question: Are there tensions, conflicts and ethical issues 
associated with the Action Research Project for the different stakeholders? If there are 
tensions, how did these arise? How might they be resolved? The Action Research Project 
was managed to allow teacher researchers time to carry out all aspects of research. Without 
this time for reflection-on-action, the Action Research Project might not have been as 
successful. This time for analysing and reflecting on data was made available because all of 
the teacher researchers had been awarded a Best Practice Research Scholarship. This time 
was appreciated by the teacher researchers but they still had to carry out some aspects of the 
research in their own time. What was clear, however, was that without classroom release the 
research would have been very difficult to complete (Interview 3: TR4) and would have been: 
.. . squeezed in a few meetings after school and that would have been very difficult to 
organise, to get all members (teacher researchers) together. 
(Interview 3: TR 3) 
The teacher researchers were committed to the Action Research Project and realised this 
would take up a large amount of their own time as they were wanting to influence all science 
teaching in ARP School (Interview 1: TR2). As TR4 indicated, there was a balancing act 
between her role as teacher and her role as researcher (Interview 3: TR4). When deadlines 
approached for each aspect of her work, teaching or researching, she made that her priority. 
For TR2, however, there was already a greater commitment of time outside of her classroom 
than her colleagues as she was deputy head of ARP School. She was already working long 
hours, starting work at 7.30am and working in the school until 6.00pm and had within this, 
non-contact time from her class, to carry out her duties. The research meant she had to carry 
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out the tasks associated with her role as deputy head in the holidays, as the research used up 
much of her non-contact time. This showed real commitment on her part as the roles of 
deputy head and class teacher on their own are very stressful and time consuming. The type 
of thinking needed for action research sits somewhere uncomfortably between the quick 
intuitive judgments of the teacher and the more rational and explicit analysis of the researcher 
(Atkinson, 1994: 398). What the Action Research Project provided was time and opportunity 
away from the classroom for the teacher researchers to engage in knowledge generation and 
understanding through the action research process alongside their teaching roles. 
Essentially, the available time eased the teacher researchers' 'discomfort'. Other teachers 
were not given this opportunity and their focus stayed clearly on teaching and the 
improvement of children's learning through knowledge transfer. 
One of the distinctive features of this Action Research Project was that it aimed to influence 
and change the teaching of science in all classes in ARP School, not just the classes taught 
by the teacher researchers. The teacher researchers were fully committed to this aim and its 
implications for their practice but other colleagues did not all have this degree of enthusiasm 
or dedication to try to achieve this through action research. Staff meetings could provide the 
theory and demonstration (Joyce and Showers, 1984) aspects of effective professional 
development but the Action Research Project gave all teachers the impetus to practice ideas 
in their own classrooms, and gave them feedback to indicate how effective they had been 
(Joyce and Showers, 1984; Cordingley et aI., 2003; DfES, 2004b). 
At various stages in the Research Project, tensions arose between the teacher researchers 
and the other teachers. These arose when the other teachers were asked to help the teacher 
researchers to generate data for the Action Research Project. There was a clash between 
the roles of teacher and researcher and for the other teachers the needs of their pupils came 
uppermost. The other teachers did not have the opportunity or the time to see how the data 
they generated would help resolve the Action Research Projects aims. Their decisions were 
based on their quick intuitive judgments (Atkinson,1994: 398). The emphasis for the other 
teachers was on techniques and making techniques more efficient (Usher and Bryant: 1989: 
87). They were involved in single-loop learning (Argyris and Schon, 1974). In contrast, the 
teacher researchers were given time and opportunity to engaged in the process of reflection-
on-action, which incorporated all aspects of the CRASP (Zuber-Skerritt, 1995) model of action 
research. They were engaged in double-loop learning (Argyris and Schon, 1974) as they 
were questioning the role of the framing and learning systems which underlie actual goals and 
strategies (Usher and Bryant: 1989: 87). 
The first issue involved the initial audit of children's attitudes to science. The teacher 
researchers thought this had been discussed fully at a staff meeting and all teachers would be 
happy administering it. In reality, the Key Stage 1 teachers thought that this would be too 
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difficult for their classes to complete without taking a considerable amount of their time and in 
reality was not worth doing (Interview 4: TR3). At the meeting, the Key Stage 1 teachers 
expressed their reservations about making their classes complete a questionnaire as they 
thought that simply talking to their classes would be a more effective means of determining 
their children's attitudes to science. In reality, they were still asked to get their classes to 
complete the written questionnaire that was designed and only suitable for Key Stage 2 
children (Interview 4: TR4). This was obviously very difficult for young children, as many did 
not have the skills to read the questions or to write answers to them. The class teachers or 
their classroom assistants had to spend time with individuals or small groups to get the 
questionnaires completed by each child. This took a considerable amount of time and 
patience. In retrospect, the teacher researchers thought this had such a negative impact on 
their colleagues to cause them to have reservations about the whole research project and had 
made them feel resentful because their ideas had apparently not been taken into 
consideration. This did not have a major impact on the initial action research cycle as the 
teacher researchers could analyse the data on attitudes for all of the children in ARP School 
(see Chapter 4). 
After the initial audit to determine how children were being challenged in science lessons and 
what the children thought about science (see Chapter 4) the teacher researchers decided that 
more formal planning for challenge was needed by all teachers. They subsequently devised 
a new science activity planning sheet which had a specific section dealing with challenging 
activities. At the staff meeting where this was introduced the teacher researchers 
experienced tensions between themselves and the rest of the staff. As TR1 indicated, there 
was a gasp at the staff meeting and a comment; We are never going to be able to write all 
that down (Interview 3: TR1). The teachers could see the value of the planning sheets and 
were not daunted by them (Interview 3: TR3) but thought there was already time pressure on 
them to complete the work they had to do without adding to this burden. As Bush and 
Middlewood (2005) noted, teachers must feel ownership of a change if it is to be implemented 
effectively. The Key Stage 1 and Reception! Year 1 teachers felt again that this was a 
particular issue for them as they had to plan for mixed age groups and in some cases mixed 
Key Stages (Foundation Stage and Key Stage 1). This meant they had different learning 
objective for the different age groups as well as new children coming into their classes each 
term from the Nursery. They were subsequently feeling very stressed about increasing their 
workload in science (Interview 3: TR3). 
This staff meeting was hard for the teacher researchers to manage as they had thought 
carefully about how to develop challenge in science teaching and the development of 
effective planning was one of the cornerstones of this development. Some teachers were 
very antagonistic and at first refused to implement a change to their planning because of a 
perceived increase in their workload. This was partly resolved by TR1 (the science 
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coordinator) and TR2 (the deputy headteacher) meeting with small groups of teachers to talk 
through their planning and the new sheets. All of the teacher researchers also acted as 
models for their colleagues and showed how it was possible to adapt and modify planning to 
make it more challenging. As TR2 indicated, it has taken a lot of persuasion for them to see 
the good of doing that (implement the new planning sheets) (Interview 4: TR2). By the end of 
the Action Research Project, all of the teachers in ARP School had adapted their planning to 
make science more challenging and as TR1 reported, the changes were not as bad as they 
(the other teachers) thought (Interview 4: TR1). One of the beneficial consequences of the 
new planning sheet was that teachers were thinking and talking more about their science 
teaching to build in challenge. The subsequent transference to paper was seen by the 
teachers in the school to be less time consuming than was originally thought. All teachers 
eventually saw the planning sheet as a beneficial part of the whole process of making science 
more challenging. This was achieved partly through discussions between the teacher 
researchers and their colleagues but mainly by the teacher researchers acting as models who 
successfully implemented change and trial led ideas in their own classrooms. 
The research was designed by all of the teacher researchers as equal partners with the same 
responsibilities and commitment. At the end of the research, however, they concluded that 
there needed to be one person who would take the overall lead in a project involving the 
whole school and with more than one teacher researcher. This person would be a teacher in 
the school who had experience of action research. She would need to be in a position to see 
the whole picture and deal with issues as they arose. In reality, the attitude survey and 
lesson planning structure were introduced by one of the team with little consultation between 
her and her research colleagues. The lesson for future research projects was summarised by 
TR2 when she indicated: 
. . .in the future, it has given us the lesson that we do have to as a group talk more 
about what actually we are going to say [to other staff] and about the implications for 
the staff and not hurry it through. 
(Interview 3: TR2) 
An insistence that there should be a Key Stage 1 teacher on the research team, or at least 
more involved with the research, might have alleviated the problems that this group of 
teachers had. As TR3 indicated, the problems were caused by lack of clear communication 
between the teacher researchers and the other staff (Interview 3: TR3). Mistakes had 
happened but this was to be expected with teachers who were new to the role as teacher 
researcher. 
114 
At the start of the research, the PANDA data that came into ARP School indicated that 
science results were better than those for mathematics. This led to comments and the 
questioning of science being the focus of the Action Research Project as some teachers 
thought the priority should have been mathematics. This became even more of an issue 
when it was suggested that one mental mathematics session a week should be replaced by a 
science activity designed to develop children's thinking. This issue was only resolved in the 
teacher researchers' classrooms where developing thinking was a focus. Other teachers 
were still reluctant to move away from the pattern of numeracy teaching they had developed 
through the national training schemes (DfEE, 1999b). 
Part of the research involved TR1 visiting classrooms to observe science teaching. As this 
was part of her normal role as science coordinator it was thought that teachers would find her 
visits less stressful. As she indicated perhaps if I had gone in as a researcher in their eyes, it 
may have been different (Interview 3: TR1). She had indicated that data would be 
anonymous and confidential and each teacher had the opportunity to view her comments 
before they were introduced to the whole data set. This was good research practice as the 
data would be more valid and reliable, and it seemed to three teacher researchers to alleviate 
any problems or concerns. Interestingly, this contrasted with TR3's point of view. She 
thought many teachers had felt insecure, uneasy and hesitant about classroom observations 
and were concerned about how the data would be used (Interview 3: TR3). For her, this had 
caused tension between the members of the research team and their colleagues. This had 
not been apparent to TR 1 who had perhaps been sheltered from negative comments by the 
kind nature of her colleagues. Teachers have had to get more used to being watched whilst 
teaching in recent years, but this does not seem to make the process less stressful for the 
teacher being observed. 
One of the problems for the teacher researchers was that they had to leave their own classes 
at times to carry out some aspects of the research, for example the analysis of data and 
writing the report for the Best Practice Research website (DfEE, 2000b). This seemed to 
cause tension in a number of distinct ways. Every time one of the teacher researchers was 
not in the classroom, a supply teacher was employed to teach the class. The teacher 
researchers, however, still had to prepare the work to be covered, discuss this with the supply 
teacher, and follow up the activities to maintain continuity (Interview 3: TR3). The teacher 
researchers were aware that the research involved more of their time but were convinced that 
the benefits to their teaching through the analysis your own practice and thinking about 
challenging children (Interview 3: TR 4) made this justifiable. 
The school tried to employ supply teachers that knew the systems in the school and were 
known to the children. This was to try to minimise disruptions so as to allow the normal 
timetable to continue as far as possible. A supply teacher new to ARP School might not be 
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left with activities like design and technology because it was known that some disruptive 
children would cause problems in those lessons that had a less formal structure. The teacher 
researchers were convinced that the pupils in their classes were disturbed if there were 
changes to the normal routine. This caused problems with behaviour and disruption for the 
supply teacher, which had to be resolved by the teacher researchers on their return to the 
classroom. The school had a reputation for being effective in dealing with disruptive pupils. 
This meant that the Local Education Authority asked that children who have been excluded 
from neighbouring schools could be admitted. Many of these children were in the teacher 
researchers' classes and were badly behaved when being taught by supply teachers. This 
issue is summarised by TR2 who indicated: 
.. .last year I had a particularly volatile Year 6 .. .it was difficult to get the right calibre of 
supply teacher to cover me in order that they (the class) did not explode. 
(Interview 3: TR2) 
This problem was exacerbated because all four teacher researchers were from the same Key 
Stage as it was sometimes difficult to find this number of supply teachers for the same days. 
For the Headteacher the prime function of teachers is to teach the children in their classes, 
rather than carry out research projects. I n the final stages of the Action Research Project, the 
conflict of roles between being a teacher and researcher became such an issue that the 
Headteacher decided that only two teacher researchers could be released at a time. 
Fortunately, this did not affect the Action Research Project as by then much of the time was 
spent writing reports for the Best Practice Research website and the National Primary Trust 
(refs needed?). Only two Teacher Researchers released at a time coupled with support by 
the Headteacher who made himself 'more visible' on the research days went some way to 
resolve the behaviour problem. This however, placed the onus on the teacher researchers to 
use their own time to complete the writing of the research report. They thought that this was 
an expedient solution to the problem as they would have had to spend extra time dealing with 
the consequences of children's bad behaviour on their return to their classroom. 
5.5 Chapter summary 
This chapter has examined data from only the four teacher researchers and not the other 
teachers at ARP School. In answer to the research question 'To what extent is action 
research an effective means of professional development? 
• Action research was seen as an ideal form of professional development as it allowed 
teacher researchers to participate in and go through the action research cycle of 
planning, acting, observing and reflecting. 
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• Professional development in this form assumes that teachers are reflective 
practitioners. 
• Action research was seen by the teacher researchers to be the most effective means 
of professional development as it integrates teaching with curriculum development, 
research and reflective practice 
In answer to the research question 'How did the teacher-researchers view the roles of 
different stakeholders in the Action Research Project?' 
• Working as a research team was a significant factor in the success of the Action 
Research Project. 
• The move from being a class teacher concerned with her/his own teaching to a 
teacher researcher concerned with science teaching across the school was a difficult 
transition to make which needed support from peers and a critical friend. 
• The teacher researchers became more autonomous as the Action Research Project 
progressed and they became more confident in their own ability to carry out research 
activities. 
• My role as critical friend was significant for the success of the Action Research 
Project. This support had two components; support for the process of action 
research, and personal support to help the teacher researchers to carry out the action 
research. 
In answer to the research question 'Are there tensions, conflicts and ethical issues associated 
with the Action Research Project for the different stakeholders?' If there are tensions, how 
did these arise? How might they be resolved? 
• There were few really significant tensions or conflicts which went unresolved as all 
teachers were committed to making their science teaching more challenging. 
• The teacher researchers experienced tensions between their roles as class teachers 
and teacher researchers. Funding to support the research went part way to alleviate 
this problem as it paid for supply teachers to cover for teacher researcher time. 
• There were some tensions between the teacher researchers and other teachers 
when the teachers thought they were being asked to implement aspects of science 
teaching which they viewed as unrealistic or collect data which was seen to be 





In my research, I have examined and evaluated both the products of the action research and 
the process of action research. As discussed in Chapter 1 the aims of the investigation were: 
• 
• 
to examine the success criteria of the action research project, designed to make 
science teaching more challenging for gifted pupils, and see if they have been met; 
and 
to evaluate the effectiveness of action research as a means of professional 
development and hence school improvement in the context of this project. 
In this chapter, I will discuss the implications of my findings and the wider implications of the 





The issues involved in making science teaching more challenging, 
The action research process; 
The limitations of my research; and, 
Implication for changes to professional practice: 
o My model of professional development; 
o Lessons for the future. 
6.2 The issues involved in making science teaching more challenging 
Clark and Callow (2002: 25) suggested that teachers could make progress in their 
professional development in three ways: 
• the development of knowledge and skills to improve children's learning; 
• the development of teachers' self understanding; and, 
• the development of changes in the workplace which put the needs of the school first. 
Clark and Callow (2002) suggested that the best professional development, which changed 
teachers' thinking and classroom practice, integrated all three elements. This research 
showed that the process of working together in their own school helped the teacher 
researchers to monitor their own personal learning and the collective learning of their 
colleagues. All of the teachers indicated that they had learnt new teaching techniques and 
developed their scientific knowledge to allow them to challenge gifted children more 
effectively. This information came mainly from interviewing teachers and from pupils' 
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questionnaires. What these data seemed to indicate is that all teachers' theory-in-use 
(Argyris and SchOn, 1974) had developed during the year. The data did not however, explore 
what impact the research had on the teachers' espoused theory concerning challenge and 
gifted children. The aim of the Action Research Project was professional development of all 
teachers in the school. What the teacher researchers wanted was all of their colleagues to 
reflect on their teaching to examine how challenging it was and then look to develop 
challenge if and where it was not apparent. The Action Research Project was seen to be 
successful because it moved all of the teachers in ARP School from the process of knowing-
in-action to reflection-in-action (SchOn, 1983, 1987, 1995). This resonates with Hargreaves' 
assertion that: 
Innovation must be disciplined enough to create high leverage practices: it is 
pointless to disseminate poor practice or even good practice that makes impossible 
demands to implement. 
(Hargreaves, 2003: 12 cited in Holmes, 2004: 143) 
One of the innovations introduced was a new activity planning sheet (see Appendix 5). The 
KS1 teachers thought that their planning needed to be developed but that the planning sheet 
would take up too much time for them to implement. The teacher researchers were aware of 
this issue and were adaptable enough in their ideas to make allowance for this concern. As a 
result the teacher researchers thought that their data from the Action Research Project would 
indicate that the planning and teaching across the school had become more challenging for 











t L...-____________________ reflection-on-action 
Figure 6.1: My model of single and double-loop learning 
Figure 6.1 shows the relationship between knowing-in-action, reflection-in and on-action and 
single and double loop learning. The classroom work of a teacher is revealed in the skills, 
judgments and actions which indicate a pattern of tacit knowing-in-action. This makes up the 
bulk of what teachers do everyday in their teaching. Schon (1983, 1995) discussed the 
difference between reflection-in-action and reflection-on-action. Reflection-in-action is when a 
competent practitioner learns to think on her/his feet and is able to improvise as s/he takes in 
new information and/or encounters the unexpected. We all have a capability for reflection on 
what we know as revealed by what we do (Schon, 1995). The process of reflection-in-action 
begins when the teaching of a lesson is interrupted by the observation of something that was 
unexpected. The observation triggers reflection directed both at the unexpected observation 
and the knowing-in-action that led to it. Through reflection and evaluation of the results s/he 
has achieved the teacher will turn her/his thoughts back to the knowing-in-action. In 
reflection-on-action, however, the teacher reflects on the tacit understandings and 
assumptions s/he holds and subjects them to scrutiny in order to achieve deeper 
understanding of pupils' roles, motivations and behaviours that are implicit in reflection-in-
action (Schon, 1995). Schon emphasized the importance of educators' thinking about the 
dilemmas of their teaching and the social outcomes of education. Through reflection on 
knowing- and reflection-in-action there can be a paradigm shift in teachers' ideas. 
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There did seem to be a greater impact in the teacher researchers' classes, as the profile of 
science, both in terms of children's perceptions and teachers' enthusiasm, was enhanced 
more when compared with their colleagues. Only the teacher researchers engaged in the 
process of reflection-on-action, which incorporated all aspects of the CRASP (Zuber-Skerritt, 
1995) model of action research. This may be because the teachers in ARP School who were 
not directly involved as teacher researchers were engaged in single-loop learning (see figure 
6.1). Their focus was on changing teaching strategies in the classroom to see what impact 
they had. The reflection-in-action was directed towards making the new strategies more 
effective. The teacher researchers were engaged in double-loop learning which involved 
reflection-on-action and an examination of beliefs and systems which underlie the teaching 
strategies. This can potentially lead to a paradigm shift which involves higher level learning 
(Fiol and Lyles, 1985). For the teacher researchers, there seemed to be congruence between 
their theory-in-use and their espoused theory concerning scientifically gifted pupils. There 
were no data to suggest that this is the case for their colleagues. 
The work of Habermas (1971), and in particular his concept of technical, practical and 
emancipatory knowledge interests, has been used to understand different levels of reflective 
practice (Van Manen, 1977). All of the teachers in ARP School were working at the technical 
and practical levels where the function was to improve practical skills and enhance practice to 
identify and solve problems (James and Jules, 2005) in relation to teaching more challenging 
science lessons. Only the teacher researchers however, were engaged in reflection at the 
emancipatory level as they felt empowered by the Action Research Project. 
The differences between teachers and teacher researchers might explain why the impact of 
the Action Research Project was greater in the teacher researchers' classrooms than in the 
classrooms of their colleagues. A group of teacher researchers can therefore have an impact 
on other colleagues in a school if they all understand the aims of an action research project 
(see Chapter 4). But if there is a desire to have deep impact teachers must engage in action 
research themselves. This will involve them in double-loop learning. As Hargreaves (1998: 
1) suggested, teachers who are involved in research will find their professional practice to be 
more effective and satisfying. 
6.3 The action research process 
Some professional development did not meet teachers' expectations, as the context in which 
they were working was not taken into consideration (Clark and Callow, 2002). If specific 
innovations are imposed on schools, there is a tendency to reduce teachers' coping power 
and problem-solving capacity and to increase their dependence - because their existing 
potential is not encouraged but ignored (Altrichter et ai, 1993: 203). Professional 
development, therefore, has less chance of success unless it involves teachers in exploring 
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the implications of the changes for their own educational values and f' d' h , In Ing out ow to alter 
the routine of their practice (Stenhouse, 1975). In the Action Research Project, the teachers 
were questioning the common assumption that knowledge for and about classroom teaching 
should be firstly generated in a university then used in schools (Brown and Macatangay, 
2002). This technical rational approach (Schon, 1983; Doerr and Tinto, 2000) that is 
operationalised in the research-development-dissemination (ROD) model (Altrichter et ai, 
1993: 201) of professional development translated developments outside of schools into 
teachers' action by means of publications and training. This has clear resonance with other 
developments in primary education. For example, when the Science National Curriculum was 
introduced in 1989 there was a sense of disquiet amongst my primary colleagues as they felt 
that they were being told to teach a watered down secondary school science curriculum. The 
model utilised by the teachers (see Chapter 5) was based on the reflective rational approach 
(Schon, 1983) to professional development. The teachers had control; a key factor in 
determining whether the professional development will make an impact in the classroom. 
There is evidence to suggest that effective models of professional development are 
characterised by groups of individuals working together as a community of learners via 
collaborative enquiry (DfES, 2004b: 5). The teacher researchers decided that an action 
research approach would be the best way to operationalise their model of professional 
development. The definition of action research which best resonates with their ideas comes 
from Ebbutt (1985). The teacher researchers carried out a systematic study as a group with 
the aim of improving their and their colleagues' education practice. Essentially adopting an 
action research approach involved the teacher researchers in actively examining their current 
teaching of science to the gifted children in order to change and improve it. They hoped to 
achieve this by engaging in critical reflection. The driving force behind this was the teachers' 
'need to know' in order to bring about the desired changes (Wadsworth, 1998). One of the 
main reasons for adopting an action research approach was the degree of empowerment it 
gave the teacher researchers. They were involved in evaluating data in the initial audit to 
examine the state of science teaching at the beginning of the Action Research Project before 
deciding on appropriate interventions from those that had been demonstrated, for example 
during staff meetings and visits to other schools, and finally evaluating the outcomes of these 
interventions (Gabel, 1995). 
One criticism of action research is that it is not question-driven but outcome-driven (McNiff, 
1988). This can be a particular problem when the 'outcome' is value laden and an 
assumption is made that the interventions which led to the particular outcome are a good 
thing, which will be 'proved' by the action research. This could lead to a report, which 
discusses the effects of a change on professional practice or an evaluation of a teaching 
intervention but is not action research. What indicated that the teacher researchers' study , 
adopted an action research approach was the collection of evidence in relation to their 
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research question, i.e" how can we make science teaching more challenging for gifted 
pupils? Two key aspects of some 'traditional' research e,g" those adopting a scientific or a 
quantitative approach are replicability and generalisability, The research is thought to be of 
good quality if other researchers could obta'in the same results if they carried out the research 
activities in the same manner, and if the method and its findings can be generalised to all 
situations, These criteria are less important for action research (Robson, 1999) as it is neither 
possible nor desirable to aim for replication or generalisation, This is because schools and 
pupils within them are often very different. What works in one context may not be appropriate 
to another, The teacher researchers carried out the Action Research Project to understand 
and improve the science teaching in their school, It was th'ls shared learn'lng that led to the 
construction of their collective knowledge (McNiff et ai, 1996), The rigour of action research 
can be ensured by checking findings and interpretations to a point of saturation, The data 
analysis in the Action Research Project became sounder because all of the teacher 
researchers and myself, as a critical friend, agreed on the interpretations, The trustworthiness 
of the data was ensured through triangulation, The teacher researchers and their colleagues 
tried out 'Ideas in their classrooms, they checked that their flnd'ings were practical and ethical, 
and they shared their findings with colleagues at staff meetings, This was a way of 
'publishing' what they had learned and of opening it to scrutiny of their peers (Feldman and 
Minstrell, 2000), In action research, the 'facts' are therefore checked with the 'people', As 
McCarthy (1982: 255) noted: 
Communication that is orientated towards reaching understanding inevitably involves 
reciprocal raising and recognition of validity claims, Claims to truth and rightness, if 
radically challenged, can be redeemed only through argumentative discourse leading 
to rationally motivated consensus, 
This communication introduces a reflexive dimension to the analysis that is one of the 
distinctive feature of action research, Winter (1989) described reflex'lv'lty as bending back into 
one's subjective system of meaning, It can be construed as a never-ending process of 
questioning interpretations, understandings and conclusions (Clark, 1997: 98), The teacher 
researchers wanted to make the solutions found in their action research project accessible to 
other teachers who could then explore the findings in the context of their own school to 
develop hypotheses of their own to be tested (Schon, 1983), This was achieved by 
publishing details of the project through the Naflonal Pr'lmary Trust (Coates et ai, 2003c), If 
we accept Stenhouse's (1984:77) definition of research then the Action Research Project was 
, t' 't' I' 'ry made public an example of educational research as It was systema IC cn Ica tnqUl ' 
6.4 Limitations of my research 
I have used an evaluative case study (Stenhouse, 1988) approach in this research. In order 
to facilitate this data were collected using a number of methods, for example, interv·lews and 
questionnaires. As Hitchcock and Hughes (1995) indicate, a case study should focus on 
groups of actors and their perception. 
The concept of validity for the two evaluations discussed in this thesis can be regarded as the 
comparison of the data I collected and analysed to see if it matched with what I professed to 
collect and analyse. Collection of data from a range of sources and perspectives allows for 
triangulation and helps to establish validity (Denscombe, 1999; Anderson et ai, 1994) and 
corroborate findings. The data from the Action Research Project indicated that there was an 
increase in challenge in science lessons after the interventions were introduced but this does 
not necessarily indicate that challenge increased because of the interventions. Flecknoe 
(2002) suggested that teachers who are willing to engage in professional development are 
likely to be concerned about improving the teaching and learning in their classrooms. The 
impact reported could merely be a report of what would have happened anyway (Flecknoe, 
2002: 133). This is a threat to what Robson (1999) refers to as internal validity. The teacher 
researchers had invested much time and effort into the Action Research Project. An 
evaluation of this as an effective means of professional development might therefore be 
subject to concerns about validity. The threat to validity here is a concern to know if the 
teachers were telling the truth or g·lving responses that they thought I would expect. This is 
known as concurrent validity (Oppenheim, 1997). As Hammersley and Atkinson (1986: 196) 
indicated: 
We cannot assume that any actor is a privileged commentator on his or her own 
actions, in the sense that an account of intentions, motives, or beliefs involved are 
accompanied by a guarantee of their truth. 
I tried to overcome threats to concurrent validity by comparing data from all of the interviews, 
questionnaires and nominal group technique to check for respondent validity (Hammersley 
and Atkinson, 1986). For example, when examining the roles of the different stakeholders in 
the Action Research Project I had data from the four teacher researchers in the form of the 
initial brainstorm and interviews 1 and 3 to analyse. 
A case study can be viewed as an in-depth study of interactions of a single instance in an 
enclosed system (Opie, 2004). A measure of the external validity of a case study is the 
degree to which the findings can be generalised from the specific sample in the study to some 
target population (Robson, 1999:46). The value of the research findings was often 
. th·d pulaflon External validity determined by whether the study was generallsable to e WI er po . 
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can endangered if the findings are specific to the group being studied, or the findings being 
specIfIc to the context in which the study took place (LeCompte and Goetz, 1982 cited in 
Robson, 1999). An alternative to external validity is trustworthiness which has transferability 
as a key feature. A case study will be viewed as trustworthy if an audience can be persuaded 
that the findings are worth paying attention to (Lincoln and Guba, 1985: 200), and there is 
rigorous analysis of data (Bassey, 1999). I have tried to achieve this in this thesis by giving a 
thick description of the case which will allow others access to this data to allow them to 
compare with their own situation. Findings are therefore, not generalised but transferred 
from a sending context to a receiving context: 
If there is to be transferability, the burden of proof lies less with the original 
investigator than with the person seeking to make an application elsewhere. The 
original inquirer cannot know the sites to which transferability might be sought, but the 
appliers can and do. The best advice to give to anyone seeking to make a transfer is 
to accumulated empirical evidence about contextual similarity; the responsibility of the 
original investigator ends in providing sufficient descriptive data to make similarity 
judgements possible. 
Lincoln and Guba, 1985: 298} 
When I started the research I was not looking to generalise my findings. I chose to carry out 
a case study of ARP School because it was of interest to me. The school was not chosen as 
a 'typical' example in the sense that typicality is empirically demonstrated, and so issues of 
external validity are not meaningful (Bassey, 1999: 75). This does not deny the potential for 
the generalisability of my findings. Case studies however, are not easily generalisable except 
where other readers/researchers see their application (Nisbet and Watt, 1984). A case study 
can provide the reader with vicarious experience (Anderson et aI., 1994). As in this thesis I 
have for example described the context of the research and the planning of the study. This 
will allow readers to explore the relevance of my research for their own research or context. 
In the case of transferability, readers need to know as much detail as possible about a 
research situation in order to accurately transfer the results to their own. However, it is 
impossible to provide an absolutely complete description of a situation, and missing details 
may lead a reader to transfer results to a situation that is not entirely similar to the original 
one. For example, there is no discussion of gender or science education background of the 
teacher researchers. 
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6.5 Implications for changes to professional practice 
In this section I will discuss a model of professional development which has stemmed from 
my work with teachers and teacher researchers in ARP School. In the second section I will 
examine how action research can fit into the demanding lives of primary school teachers. 
6.5.1 My model of professional development; the Three Ring Model 
The Three Ring Model of professional development utilises the ideas of Day (1991), Winter 
(1989) and Feldman and Minstrell (2000) and has three inter linking and necessary 
components; external knowledge, creating knowledge and knowing-in-action (see figure 6.2). 
It is founded on the prinCiple that professional development should be the enhancement of 
normal practice and addresses the issues associated with professional development through 
action research. The model incorporates three of the key assumptions concerning action 
research, conducted by teachers, which have been identified from the literature: 
• Action research is geared to teachers' own practice and the situation in which they 
work; 
• In action research teachers engage in reflection and improvement based on 
information they have systematically gathered and analysed; 
• Action research is carried out through dialogue with colleagues within and outside the 
school. 
(Ponte, 2005: 278) 
The Three Ring Model of professional development is aimed at teachers who are extended 
professionals and seeks to encourage restricted professionals (Hoyle, 1980) to take on this 
role. It builds on the core dimensions of the Teacher Learning Academy (TLA) (GTCE, 2005) 
which was set up by the General Teaching Council for England 'In 2004. The TLA is designed 
to offer professional recognition for teachers' learning, development and improvement work 
(GTCE, 2005). There are four levels within the Academy each of which must address the 







Engagement with an appropriate knowledge base (e.g. research evidence, school 
data, the experiences of teachers in other insfltutions). 
Accessing peer support, coaching and/or mentoring. 
Planning of professional learning and change activity (i.e. a teacher learning project). 
Carrying out a change activity (i.e. implementing the teacher learning project). 
Evaluating the impact of the change activity on practice and on own learning. 
Disseminating what has been learned (e.g. through written report, web-based 
dissemination, hosting a meeting). 
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Extended professionals seek to improve by learning from other teachers and from 
professional development. They constantly question and try to link theory and practice. 
Action research is often the approach used for school-based teacher inquiry because it aims 
to give teachers practical methods to develop knowledge from their experience and to make a 
contribution to the shared knowledge of the profession (Altrichter et ai, 1993). Teachers 
investigating or researching their own practice can/might be able to provide a new perspective 
on the development of knowledge (McNiff, 1988). By utilising an action research approach, 
teachers can develop their knowing-in-action as the approach would be immediate, direct and 
relevant to their needs (Day, 1991). The development of knowing-in-action is not achieved by 
simply gathering data but is always the outcome of a process in which researchers explore, 
organise and integrate their own and other's theoretical resources as an interpretive response 
to data (Winter, 1989: 261). This process will bring tacit knowledge to the surface as teachers 
think through their actions as they carry them out. In this model the reflective practitioner can 
be viewed as a researcher as they are researching their everyday practice as they practise 
(Cam pbell et ai, 2004). My model of professional development takes the ideas (Day, 1991; 
Winter, 1989) further as it has three inter linking and necessary components; external 







Figure 6.2: Links between different types of knowledge 
, d I h' h viewed action research as The model builds on Feldman and Minstrell s (2000) mo e w IC . 
. t' d nversations in a collaborative an enhancement of normal practice that relies on sus alne co . 
f h I would come together In a setting. A group of teachers, from one or a number 0 sc 00 s, 
bl t eveal areas of concern or learning community with an ethos in which it was accepta e 0 r 
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perceived weaknesses. At the heart of my model is reflection-in-action which is usually 
triggered by some dilemma within teaching which is habitually guided by knowing-in-action. 
The dilemma is faced when actions do not produce the usual expected results (i.e. defined by 
previous experience). The creation of knowledge and external knowledge are then combined, 
as needed, to bring about a paradigm shift in the teacher's knowing-in-action. 
In the model, teachers who engage in action research through knowing-in-action, reflecting-
in-action, and reflection-on-action will be reconstructing their theories of action, both in terms 
of their theory-in-use and their espoused theory (Argyris and Schon, 1974). This will involve 
making explicit formulations of their action strategies and then opening them to criticism. The 
teachers will be engaged in self-reflective inquiry (Carr and Kemmis, 1997: 162). This means 
they will be reflecting on their own practice as a basis for researching their own practice 
(Ponte, 2005). They will in essence be engaged in double-loop learning (Figure 6.1). 
External knowledge 
Teachers do not necessarily have the pedagogical knowledge, content knowledge, or 
knowledge of learners (Shulman, 1987) to achieve the aims of their professional 
development. Outside agencies for example university lecturers, or colleagues from their own 
or other schools, with the given expertise (Cordingley et aI., 2003) could be utilised to help the 
teachers concerned achieve this goal to engage with and develop an appropriate knowledge 
base (GTCE, 2005). As Garet et al. (2001) noted, for professional development to have a 
real impact there needs to be a content knowledge focus. Borko (2004) established that 
professional development was enhanced when teachers engaged in a reflective dialogue with 
colleagues within a learning community. The learning community would offer peer support 
(GTCE, 2005) to facilitate the development of external knowledge. A key principle in 
teachers' utilisation and development of external knowledge is the process of accessing the 
experiences of other teachers (GTCE, 2005) through anecdote telling (Feldman and Minstrell, 
2000: 450): 
One teacher may tell an anecdote; the others listen. The listeners respond with their 
own anecdotes, with questions that ask for details, or with questions that take a 
critical turn and explore the nature of teaching and learning in schools in the context 
of the anecdote ... ideas about practice are exchanged and generated in the anecdote 
telling process. 
These anecdote telling sessions would be useful in a number of ways; the development of 
other teachers content and pedagogical knowledge, giving colleagues feedback (Cordingley 
et ai, 2003), and peer support (Cording ley et ai, 2003; GTCE, 2005). Colleagues listening to 
the anecdotes would act as critical friends who helped each other to reflect on what they were 
dOing and why, mainly by asking questions (Ponte, 2005: 278). In their work on research-
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engaged schools, Sharp et al. (2005) found that teachers emphasised the benefits of 
collaborative learning and the value of collaborative research as p f . I d I ro esslona eve opment. 
Smith and Sela (2005) and the teacher researchers in ARP School found that sharing 
knowledge with each other added to the profess·lonal valid·lty. 
Creating knowledge 
Hargreaves (1998) explored ways in which a knowledge creating school could be fashioned. 
He identified classroom and school based research carried out by teachers as critical 
elements in the creation of knowledge. Teachers create their own knowledge by planning, 
carrying out and evaluating a change to their practice (GTCE, 2005). Teachers go back to 
their classrooms to try out ideas gleaned from the external knowledge and return with more 
anecdotes to tell (Feldman and Minstrell, 2000). This will hopefully negate the criticism that 
the professional development is not taking into account the teacher's context (Hargreaves, 
2000). By creating knowledge in this manner teachers are adopting a constructivist 
philosophy. New knowledge is accepted when there is a consensus reached by all teachers 
in the CPO group (Berninger et aI., 2004). Knowledge about teaching and learning has 
traditionally been divided into theoretical knowledge which has been developed by 
universities and practical knowledge which is intuitively understood by teachers (Smith and 
Sela, 2005). In the past this dichotomy has alienated teachers from research (Gore and 
Gitlin, 2004). Through the utilisation of an action research approach, teachers can create 
their own knowledge as it blurs the boundaries between teachers and researchers, knowers 
and doers, and experts and novices (Cochrane-Smith and Lytle, 1999·.22). 
Reason (2001) noted the primary purpose of action research is the production of practical 
knowledge that is useful to teachers at all levels: in their classrooms, with the curriculum, 
other teachers and theoretical knowledge (Altrichter et ai., 1993). Through action research 
teachers can therefore develop their understanding (Carr and Kemmis, 1997). By 
'understanding' Carr and Kemm·ls (1997) mean the knowledge that teachers create 
themselves. External knowledge is an important source of information, but the creation of 
their own knowledge is the teachers' own responsibility (Ponte, 2005). Teachers can create 
knowledge when they are willing to tryout and evaluate new ideas (Feldman and Minstrell, 
2000). This will involve them in reflection-in-action; self-evaluating their practice (Zuber-
Skerritt, 1995: 15) and reflection-on-action; thinking, interpreting and explaining and acting to 
resolving issues and ideas (Stringer, 1999: 18). 
Knowing-in-action 
At the heart of any professional development is the desire to change teachers' knowing-in-
action. In the past, brief one stop workshops where teachers were told what to do have had 
little effect (Hawley and Valli, 1999), because teachers cannot change their practice, their 
knowing-in-action, in a meaningful way simply by being told to do so (Ponte, 2005). For 
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professional development to be effective teachers need to identify their own focus and embed 
the practices in their own classroom settings (Cording ley et ai, 2003: 5). According to Schon 
(1983), knowing-in-action is tacit knowledge which enables us to execute tasks fairly 
automatically. Schon noted that our spontaneous knowing-in-action usually gets us through 
the day. The experienced practitioner is knowledgeable about the theory involved and is 
skilled in the task. If this is something done on a regular basis it does not have to be thought 
through - it is just done. Knowing-in-action is often the tacit information that we know about 
doing something and is often left unexplained or unmentioned when we describe what we do. 
In most situations tacit knowledge will remain implicit but in the Three Ring Model there is an 
expectation that teachers will make explicit their knowing-in-action. Knowing-in-action needs 
to be seen as dynamic not static. A critical feature of the model involves teachers questioning 
their actions and, equally importantly, questioning what their actions indicate they know. 
6.5.2 Lessons for the future 
Rather than adopt a case study methodology in the future I would use a more systematic 
method such as the Concerns Based Adoption Model (CBAM) (Hall and Hord, 1987) to study 
the implementation of an educational change. The model is concerned with: 
.. . measuring, describing and explaining the process of change experienced by 
teachers involved in attempts to implement new curriculum material and instructional 
practices, and with how that process is affected by interventions from persons acting 
in change-facilitating role. 
(Anderson, 1997: 331) 
From this definition, it is clear that the CBAM model could allow me to address my two 
research questions. The model is a conceptual framework that describes, explains and 
predicts probable teacher behaviours throughout the process of change. The three principle 
diagnostic dimensions of CBAM (Loucks-Horsley, 1996) are: 
• Stages of Concern - Seven different reactions that teachers experience when 
they are implementing a new programme. 
• Levels of Use - Behaviours teachers develop as they become more familiar 
with and more skilled in using an innovation or adopting a change. 
• Innovation Configurations - Different ways that teachers adapt innovations to 
their own situation. 
h . r'culum and instruction that There are several assumptions about classroom c ange In cur I 
underpin CBAM: (1) change is a process, not an event; (2) change is accomplished by 
. . (4) h ge involves developmental individuals; (3) change is a highly personal experience, c an . 
growth in feelings and skills: and (5) change can be facilitated by interventions directed 
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towards individuals, innovations, and contexts involved (Anderson 1997' 333) Th , . . e model 
maintains that people considering and experiencing change evolve' th k' d f . In e In s 0 questions 
they ask and in their use of the change (Loucks-Horsley 1996) E I . , . ar y questions are self-
oriented: How willi cope with different ability groups in science? Wh th . en ese are resolved 
questions become more task-oriented: How do I make science investigations more 
challenging? Finally, when self- and task- concerns are resolved th . d"d I f , e In IVI ua can ocus on 
impact: Are gifted children being challenged in my science lessons? 
One of the aims of the Action Research Project was to foster research practices in the 
teacher researchers when they were working in their school. Co-operative inquiry came 
through the sessions when they worked on the action research together as there was a 
mutual concern for the needs of gifted children. The teacher researchers had opportunities 
for collaborative inquiry and the learning related to it, they were able to develop and share a 
body of wisdom gleaned from their experience. As Stenhouse (1975: 144) indicated, they 
had developed their professionality which he defined as: 
A capacity for autonomous professional self-development through systematic self-
study, through the study of the work of other teachers and through the testing of ideas 
by classroom research procedures. 
By their involvement in the Action Research Project, the teacher researchers were able to 
monitor their own personal and the collective learning of the whole staff. The Action 
Research Project had resulted in all of the teachers learning new teaching skills and 
techniques and developing their knowledge: pedagogical, content knowledge, and knowledge 
of learners (Shulman, 1987), to allow them to challenge more effectively in their science 
teaching. Their knowing-in-action (Schon, 1983, 1987, 1995) had developed to encompass 
more challenge in their science teaching. The teacher researchers indicated that they thought 
they had in the process become more reflective practitioners, not only in their science 
teaching but across the curriculum. Their capacity for reflection-in-action (Schon, 1983, 1987, 
1995) had been further developed and enhanced. However, the time spent directly on the 
Action Research Project allowed the teacher researchers to develop their reflection-on-action 
(Schon, 1983, 1987, 1995) as they discussed and evaluated the science teaching of all 
teachers. A key feature here was colleagues in the research team acting as critical friends to 
support the reflection-on-action to allow it to become more analytical and systematic. What 
evolved from this Action Research Project was a professional learning community made up of 
teachers and teacher researchers working together on a collaborative CPO project. The case 
studies of effective CPO suggest that a school learning community is a beneficial means of 
implementing, supporting and developing teachers' knowledge. (OfES, 2004b: 7). Senge 
(1990: 3) identified the characteristics of such a community as a place: 
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where people continually expand their capacity to create the results they truly desire, 
where new and expansive patterns of thinking are nurtured, where collective 
aspiration is set free, and where people are continually learning how to learn 
together. 
It was hoped that the knowledge created and acquired by the teachers in this professional 
development activity could support other teachers as the findings of the research were 
disseminated to groups throughout the country. The issues addressed in their research were 
not unique to their school. The teacher researchers hoped that groups of teachers in other 
schools could take ownership of their own professional development. This would entail these 
teachers using the conclusions from the Action Research Project as hypotheses to be tested 
in their own schools. They would develop their own knowing-in-action by the use of an action 
research approach to create their own knowledge. The teacher researchers did have funding 
which gave them time to carry out almost all aspects of their research. Unfortunately, this is 
not always available, but I believe that professional development through action research is 
achievable by most teachers if they utilise Feldman and Minstrell's (2000) ideas which 
emphasised the enhancement of teachers' normal practice, and my Three Ring Model. This 
view is echoed in the document 'The Core Principles; Teaching and Learning School 






base all improvement activity on evidence; 
build collective ownership; 
create time for staff to learn together; 
embed the development throughout the school; 
collaborate with other organisations. 
In this way, action research could be incorporated into the planning of teachers' professional 
development which takes into consideration the needs of the school (Figure 6.3; Edwards and 
Talbot, 1994: 67). Teachers might be given more support for professional development if this 
was linked to the schools' needs (Figure 6.3). Senior managers in the school would be more 
likely to react in a positive manner to give teachers time to carry out research if this was the 
case. 
1. Review and identification of 
school needs 
2. Review and identification of 
professional development needs in 
light of (1) which leads to an 
explicit awareness of knowing-in-
action 
3. Planning and delivery of staff 
training to meet their needs by the 
development of their external 
knowledge 
4. Implementation and evaluation of 
innovations through action research 
processes. Teachers would be 
engaged in reflection-in-action and 
reflection-on-action to create 
knowledge 
1 a. further review and 
___ identification of school 
needs 
Figure 6.3: Links between professional development and school needs and the Three 
Ring Model 
Essentially, professional development aims at changing teachers' knowing-in-action. For 
professional development to be really effective and embedded in classroom practice, I believe 
that it needs to start from the school and the teacher. It needs to involve teachers in double-
loop learning (Argyris and Schon, 1974; Fiol and Lyles, 1985) in which teachers can utilise 
external knowledge to create their own knowledge. In this way both theory-in-use and 
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Appendix 1 
Time Line for the School Action Research Project - September 2001 _ July 2002 
Research Activity 
When it happened 
First Action Research Cycle 
Planning 
Autumn term 2001 
Analysis of questionnaire filled in by all teaching staff to find: 
Autumn term 2001 
• training need; 
• classroom practice; 
• understanding of the concept of challenge in science. 
Interview all teachers to examine confidence in their ability to challenge children in Autumn term 2001 
science. 
Staff meeting to discuss the project. Autumn term 2001 
Full day meeting of the research team to: Autumn term 2001 
• discuss the present position in the school; 
• discuss the nature of Action Research; 
• develop observation schedule and attitude questionnaire. 
Full day visit to other schools Autumn term 2001 
Teacher researchers trial observation schedule and attitude questionnaire within their own Autumn term 2001 
classes 
Classroom observations to examine how teachers challenge children Autumn term 2001 
Questionnaire for children to find out their attitudes to science Autumn term 2001 
Staff development on challenge in science. Autumn term 2001 
Full day meeting of the research team to discuss all audit data. Autumn term 2001 
Teacher researchers trialling of activities in lessons, with children's self assessment of Autumn and Spring terms 
their success. 2001/2 
Second Action Research Cycle 
Feedback to staff on challenging activities the teacher researchers have tria lied in their Spring term 2002 
lessons 
Classroom observations to examine how teachers implemented strategies for challenging Spring/ Summer terms 
children in science or not. 2002 
Staff meeting for all teachers to share good practice Summer term 2002 
Questionnaire/ interviews with children to find out if their attitudes to science have Summer term 2002 
changed 
Interview (all teachers to examine if their confidence in their ability to challenge children in Summer/ Autumn terms 
science has changed. 2001 
Two half days to draw conclusions and write up the report. Summer term 2002 
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Appendix 2 
Time tables for my interviews 
18th September 2001 





o their role in the action research project and the roles of other; stakeholders in 
the research; 
o the need for the action research project; 






30th 131 st May 2002 














• they perceive that their science teaching has improved/altered during the 
year and in what ways; 
• they feel more confident about challenging children in their science teaching; 
• children have become more motivated and excited by science; 
• they feel that attainments in science have improved as a result of the action 
research project; 















18th June 2002 





• if action research was seen to be an effective means of staff development; 
• if they have become more reflective practitioners as a result of the Action 
Research Project; 
• if any tensions or conflicts have arisen and if they have, have they been 
successfully resolved; 
• if perceptions of education research, as an effective means of staff 
development, have changed during the year; 






2nd July 2002 







if the success criteria of the Action Research Project have been met; 







Teacher researchers lesson observation schedule (the right hand column was bigger 
to allow comments to be written in during the observation.) 
Year Group 
How does the teacher encourage children to bring their own scientific 
experiences and existing knowledge and understanding to the lesson in a 
non-threatening way? 
How does the teacher clarify, build or develop pupils' ideas? 
e.g. Explaining and using subject specific vocabulary 
Where is the whole class lesson pitched? 
To the less able children? 
To the average children? 
To the more able children? 
How does the teacher show a clear knowledge of the science topic? e.g. 
use of vocabulary, building stages of understanding. 
How does the teacher ensure pace and momentum are maintained? 




Open and closed questions 
What resources are used to promote learning? 
How does the lesson challenge able children? 
In what ways does the teacher engage the children in intellectual 
discussion and debate, e.g. praise, jokes, questions, examples in 
everyday use, industrial use, fun activities, world/ethical issues. 
How is the lesson differentiated to meet the needs of able pupils? 
Are there different objectives for gifted children? How are these 
objectives taught? 
At the plenary do the children evaluate, interpret and share their science 
findings? If so, how? 
Is there evidence that children have m.ade progress their. 
knowledge and thinking and have achieved the learning obJectives. 
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These questions are about educational research for 
the end of the project. What do you think of 
educational research as a means of staff 
development? 
I think it is invaluable. It allows you time to visit other 
scho?IS, it allows you time to reflect on your own 
practice. It allows you time to discuss issues with 
colleagues, and it allows you time to focus on a 
specific area. 
Right. Did you develop any skills or expertise 
during ... is that something else that comes into it? 
yeah, In mean, I'm just starting my third one, my 
third research project and, and I've developed as a, as 
a researcher through every single one. And I mean, 
the first one it was on a low quantity, so you know, I 
was being led by people, but this time I've been able 
to take more of a proactive part. And the next one is, 
I'm going to do as an individual, so I'll be able to then 
organise myself and organise my own research 
project. I wouldn't have been able to do that if I hadn't 
undertaken the two I've already done. 
Right. Do you think other colleagues in the, in the 
school can develop, can, can benefit from a research 
project? 
Yes, I think so. I mean, because the staff meetings 
and the inset meetings that we've undertaken 
throughout this research project have helped other 
staff look at their own practice and develop it. For 
example, we've done different types of planning, 
we've looked at questioning skills, we've looked at 
developing the skills of the more able children. That 
was on the SOP anyway, but it's been highlighted 
through this research project. 
So, all in all, research, research is an effective means 
of staff development? 
Yes, it is, extremely effective. 
Who, do you think, had control of the research agenda 
during this past year? 
Oh, I think it was a joint, a joint issue with Oxford 
Brookes and the school. I don't think it was anyone 
individual. I think the, one of the good things about 
research is that you are, you are able to discuss and 
get ideas and then formulate it as a n?t just 
one one individual using it, really. So I think It was a , 
joint effort. 
Do you think this, there were, the changed or 
anything, through the year or was It the same all the 






















I think the balance has obviously got to change 
some people within the group are 
expenenced than others. And certainly the input given 
by Oxford Brookes, on the technical side of the writing 
how to develop the research project, pOinting us 
In ways that we haven't thought. Because of course 
they have done a lot of research projects and they , 
know exactly the format and how to write it. And 
certainly within the research project, to keep it 
track. Sometimes a member who is more experienced 
than to call a meeting and, and clarify 
where It s gOing Instead of going laterally 'It needs to 
go forward'. But, so the balance is bound to shift 
throughout the project. 
Right. So ... do you think someone working externally 
from the school is important? 
Yes, I do think it is, because I think it gives another 
view on the project. Sometimes, it's like anything, 
sometimes if you're in amongst it all the time, 
especially working with colleagues in a school, you 
tend to get bogged down by the same sort of 
language and the same sort of style, whereas 
somebody coming in can give fresh ideas and fresh 
input, and lead you in a different direction. And that's, 
and that's, I think that's an invaluable part. 
So, what does, what does the term action research 
mean to you now? 
I think action research is, is being able to access 
different areas of research, for example by going out 
of the classroom into other schools, by you know, 
spread it, going and having a look at books in the 
university. By, you know, by spreading your wings 
outside of just the classroom and the school 
environment. 
So, what's the purpose of action research? 
Well, I think the purpose of action research is to help 
teachers to, help teachers to progress their own 
teaching and learning. If teachers are doing it 
themselves, there is of course a relationship, you 
know, between the teachers and the people reading it. 
If just university people are writing it, sometimes they 
haven't got the ground level knowledge and 
understanding, which ordinary teachers who are 
teaching it on a daily basis have. So, you know, we 
are able to speak their language really, and to be able 
to know the difficulties and the successes that they'll 
have as well as we have. And I think that's, that's 
really invaluable. . 
So, action research really needs to have, Involve 
teachers? .. 
Yes, I think so. It depends what kind research It IS. 
Sometimes it has to be more academiC. 
If it's looking at teaching and learning? .' 
Yes I think if it's looking at teaching and learning It 
has 'to involve teachers, because they the ones 
who are teaching every day and developing the 
children's learning. 
Right. I mean, there are examples of of 
teaching and learning, like literacy hour and things. Do 
you think that's a research based project? 



















Yes, I would've thought that that was a research-
based project, a research-based project. It 
probably took a long time over a long, a big spectrum 
of to .be able to come up with the formula. 
SO, IS, IS shanng ideas important? 
I thi.nk that's extremely important. I mean, because 
dunng the research projects itself people, you know, 
to be positive or negative depending on their 
of how it's going. And sharing ideas and 
bnnglng the project forward really helps to clarify and 
extend. and and just paints the way to where you 
are gOing. And If you don't share idea's, you can 
become too tunnelled in what you're thinking. And you 
could be going off in the wrong tangent all together. 
So, all of the things you talked about, I could say that 
that's reflective practice? 
Yeah, this is reflective practice. 
How does reflective practice differ from action 
research? 
Well, reflective practice is when you are actually 
reflecting on your own practice, and then you're 
improving your own practice. Action research is when 
you're reflecting on your own and other's practices, 
and then extending it out to help other teachers in 
other schools. 
So you can't do action research in your own 
classroom on your own? 
You, yes, if you're going to write it up you can, but 
it's ... it's very singular. I mean, you could, you can test 
out some of the action research in your own 
classroom. But I still think it is, still think it's better if 
you can go out and see other, other practitioners. 
So what makes it, what moves from reflective practice 
to research, what's the difference between the two 
things? 
Reflective practice is what you normally do on a day-
to-day, and one-to-one basis. I mean, a good teacher 
reflects on every lesson that she does, and you know, 
sees how she can make it better and or whether, you 
know, whether it's been a success. The research is 
going one stage further, it is extending it to looking at 
a specific focal point. I mean, I, as a teacher, would be 
reflecting on most of my lessons in the week. 
Whereas, as a researcher I was only looking at 
science and the more able child. 
So action research is more focused? 
Is more focused. Yes, it is much more focused. 
So how have your ideas about action research 
during the time of this project? 
I've I've my ideas have been more structured now. 
I've been able to structure my ideas on 
how I'm going to go about it, what are .the, know, 
more geared up to the aims of the project, .wlt.hout 
going as a tangent bred wise, and more thlnkl.ng about 
the conclusions, and the data, and the analysIs part of 
it. So, it, you know, my ideas have become a lot more 
structured. . ? 
So, is data important to an action researcher. 
The roles of 
the different 
stakeholders 
















:eah, I think.it is. I think data ... data can be an 
Important. pomt depending on, really, what the action 
research IS, but I think you have got to have some 
data to be able to Pro.of a pOint. Or, or as a starting 
block, you know starting data, finishing data. To be 
able to show that something has been successful or 
not. 
So, to go back to reflective practice ... Does reflective 
practice involve gathering data or proving pOints that 
you talked about? See if they've been effective or not? 
Yes, I ,mean, practice can, but then again, it 
doesn necessanly need to be. I mean, if I'm looking 
at my literacy lesson, I could just look at that one 
and not look at data. If I'm looking at myself as 
bemg a, say for example writing throughout the whole 
year then I would need data at the beginning of the 
year and at the end of the year to see whether the 
strategies I've put in place have been successful. But 
on a day-to-day basis it wouldn't need data. 
Right. How might the research have differed if I had 
not been involved? 
I think it wouldn't have been as focused. And I think 
that when we'd got into difficulties about knowing the 
next step, we would've had to, we would've, I think we 
would've been floundering and I think we probably 
would've asked for outside help anyway. It is just the 
focus and it is the next step forward, really, that we 
need an experienced, you know, somebody who's 
done it before. 
Right. What do you mean by focused, then? 
Well, you know, sometimes you can go off at a 
tangent, and be thinking, you know, and be looking at 
different things that really are not the aim of the 
project. You know, you get, the aim of the project was 
the more able child, so you put, you know, you, with 
all the best hounds in the world you could be looking 
at the lower able child, the medium, and, and, you 
know, and not focusing on the actual aim of the 
project, and I think the focus has got to be in your 
mind all the time, and I think an outside person helps 
to keep that focus. 
OK. How might the, the research have differed if you 
were working on your own? 
That would've been lonely. Probably not a great deal, 
really, except that it would have been a lot more, a lot 
more stressful, really, a lot. You know, because the 
sharing and the, the sharing in the discussions and 
the allocation of jobs relieves a lot of the pressure. 
Right. . , 
If you would've been doing it on your own, It would ve 
taken twice as long probably, and it would've be.en 
twice as pressure, twice as much pressure and It 
would've mean, meant a lot more time out of the 
classroom which would've been unsatisfactory. , h . t? Do you think you would've made as muc Impac. 
















don't know, I don't know. I mean, I think I think yes 
If you're very enthusiastic I would've had the ' 
amount of staff meetings and in some respect maybe, 
you know, people do good staff meetings, other 
people don t. Some people are experienced. And you 
know, and maybe it might have, some of the inset in 
staff might have actually improved in quality. 
But, It would ve been a lot, a lot more work. 
Rig.ht. What effects has this taking part in the research 
project had on you personally? 
I felt a sense of achievement, I have felt a sense of 
achievement. When you first feel the, the finished 
document and you look at your name on it, it's a 
sense of achievement that you have actually achieved 
something, you know, that your name is on a piece of 
work that is going out and that is going to be read by, 
you know, a broad band of people. And I think, you 
know, and also a sense of pride in the fact that you've 
undertaken a project, you know, that is maybe going 
to have an influence on somebody else's teaching 
practice. 




OK. The, the next question is about tensions and 
conflicts. Just see whether, or even ethical issues, 
whether they, whether those have arisen during the 
year. Do you think there were any, any tensions, 
conflicts, ethical issues between you and, as a 
teacher-researcher, and the other teachers? 
The other teachers in the, the other teachers in the 
research project, no, but the other teachers in the 
school, yes. Certainly because, you know, teachers 
view that they've got a big workload, which is 
absolutely right. We all have a big workload and for 
somebody to come along and say 'We want you to 
add different layers to this workload', it's taking a lot of 
persuasion for them to see the good of dOing that in 
the end. You know, and that has, you know, that has 
created tensions, because I've had to -and so has 
Fiona- I've had to go and meet teachers after school 
and talk to them and had a look at their planning, 
and ... It's, it's given them extra work to do, which, 
teachers don't want extra work to do, they've got 
enough as it is. So in that respect, yes. 
So how how were those resolved? 
They resolved, because they saw that it, it, the, 
the project would be of benefit from the, for the 
school, you know, that were 
actually doing it within the school. That It would . 
develop their scientific knowledge and understanding 
and that hopefully in the end it would develop the 
children's teaching and learning in So .they 
saw the, they saw the positive side of It. It Just an 
initial sort of, you know, stepping back against the 
extra workload. 
What about tensions between your different roles as a 
teacher-researcher and a deputy-head, I suppose, I 
mean that. .. ? 
Tensions 
associated 


















Yeah. No, there wasn't any tensions really about 
that.. I mean.' no, it's very The only 
tension, I think, there was ever is that sometimes I 
up non-contact time to do the research 
project, which mea.nt that I wasn't doing the other jobs 
I should be dOing. So, which meant that in the 
I had t? spend another couple of days of my 
own time up on my own jobs, but beyond 
that, I don t think there was anything. 
What about in your class? Effects in your class when 
you weren't there, really? 
Yeah, I mean, last year I had a particularly volatile 
year 6. And, and it was difficult to get the right calibre 
of supply teacher to cover me in order that they didn't, 
know, explode. I was looking really, and I 
deliberately did it this way, that I had a good year 3 
student, and so, and that helped, because, you know, 
she was very secure. She'd been with me for about 
four weeks, so in the June-July, the writing up time, 
when she was here for the first three weeks in June I 
was able to take time off. With just a supply teacher: 
you know, viewing her, and, you know, and I'd already 
planned that in. And, you know, I was just very lucky 
that I got a good one. I had asked, I wanted a good 
student. So, you know, that, that was easier. But, it, it 
does take forward planning, really. And I'd also 
planned different activities for a time when I knew I will 
be writing up the project. I had language in evidence 
week when I knew I'd have those three days off when 
my presence wasn't necessarily required, because the 
police were here taking off the whole week. 
Right. 
So, I'd, I'd looked at the year as a whole, and planned 
it, so that the times when I knew I would have to take 
days off were covered, really. 
Right. What about you as teacher-researchers and 
me? Conflicts, tensions? 
Well, I don't think there was any conflict or tensions 
between ... 
I am only asking the question now. 
Well as far as I'm concerned, there wasn't any 
conflicts or tensions between us, because, as far as 
I'm concerned, I was the learner, and you were more 
the expert in regards to how to go through the 
process. 
Right. 
And, and, I was, you know, I'm quite keen to learn the 
process, because I want to do more of these projects, 
so, as far as I'm concerned, I was wanting to learn as 
much from you as I possibly could. 
Right. What about other teachers and me? Could you, 
could you see any issues for them? . 
No, no I didn't, I didn't particularly see any Issues. The 
only issues that there were sometimes is that the 
issues of after-school meetings when, you know, 
when we've got a lot on after school. But beyond that, 
you know, but the actual days when we could actually 
concentrate on the project were beneficial. 
Right. You've already said this, but would you like to 















Yes, I would. Yes, I'm going to. 
Why? Why? 
I really it very, very interesting and 
And I frnd It helps my own teaching. And I 
like gOing around, I like looking at other teachers 
teaching, I like going around at the schools, I like 
reading, specifically scientific books. And I like, I like 
being involved in the whole process. 
Right. It helps you in teaching, how does it help you in 
teaching? 
Well, it helps me in that, you know, like when we were 
doing the challenging science projects and you were 
saying about using different types of books, using 
different types of methods, I tried them out in my own 
teaching. I mean, there were, you know, there was a 
few that I picked up that I hadn't been using before. 
And that wouldn't have come, you know, except for 
this project. And when I went out and saw somebody 
else teaching, I saw a different style of teaching and 
you pick up pOinters. You naturally do, I mean, it's a 
natural reflective process. 
Couldn't that have happened in a staff meeting? 
Not necessarily, because you don't often see 
teachers, other teachers teach at a staff meeting, it's 
just discussion. And you're discussing the style that 
your school has really adopted. You need to go and 
spread yourself out to see how other schools are, you 
know, dealing with it, to, to see a different method of 
teaching. 
Right. What area would you like to look at next, then? 
Well, at the moment, I'm just starting and I've read 
upon details on advanced mentoring qualification, 
which is going to involve a lot of my own study. And a 
lot of my own writing up. 
Who's that with? 
That's with Oxford Brookes, Jenny? Yeah, so I'm just 
starting that now and I like, I have to actually read the 
documentation and see when that finishes. I think, 
probably I would like to do something maths, 
because, that's a specific interest of mine. 
OK. Thank you very much. Anything else? 
No, that's fine. 
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Include challenge and 
extension activities where 
appropriate. 
Plenary 
(including questions) 
Resources 
Evaluation 
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